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South Dakota State Unive rs ity 
Brookings , South Dakota 
Department of  Animal Science 
Agricultural Experiment St ation 
Delignification of Ponderos a Pine Sawdus t 
and Bark by Peroxyacetic Treatments 
L. D. Kams t ra ,  D .  Ronning and H .  S ch roeder 
Introduc t ion 
A . S .  Series 76-12 
Previous ly it was shown that untre ated ponderos a pine s awdust could s erve 
as th e roughage portion of  high-concentrate rat ions . This fibrous material was 
too low in diges t ibility , however , to s erve as a maj or ration compo nen t unless 
treated to  remove en crus t ing lignin . Various treatments such as pressure , heat 
and s odium hydroxide , although e ffective with many fibrous was te mate rial , were 
on ly marginal in improving utilization of pine s awdust . 
The purpos e of  this study was to determine e ffectiveness of  peroxyace t i c  
acid i n  improving the digestibility of highly lign i fied fibrous materials such 
as ponderos a pine s awdus t  and bark . Peroxyacetic acid is use d  as a delignifying 
agent in the making of paper from tree fibers . 
Materials and Methods 
Wood ch i ps from the Whitewood Post and Pole Company , Whitewoo d ,  South 
Dako t a ,  were dried and ground to pass a 4.0 nnn s creen prior to  tre atmen ts with 
peroxyacetic acid. Peroxyacetic acid was pre pared by a controlled re act ion 
between hydrogen peroxide and ac et ic anhydride in s ufficien t  amoun ts t o  treat 
small amounts of  wood material . Twen ty gram s amples of bark and s awdus t were 
treated with various levels o f  peroxyacet i c  acid under various conditions . 
The tre ated and un treated wood and b ark s ampl es were also analyzed for neutral­
detergent fiber (NDF) , acid-detergen t fiber (ADF) , acid-detergent lignin ( ADL )  
an d evaluated f o r  poten t ial utilization by ruminants by in vit ro dry matter 
digest ibility ( IVDMD) as well as cell wall digest ib il ity-CIVCWD) . The un tre ated 
s amples were also analyzed for cel lulose , nit rogen and ash . 
Res ults  
Untreated ponderos a  pine s awdust dif fered s omewhat in analys is from 
ponde ros a pine b ark , with the bark h aving greater lignification and mineral 
con tent but less f iber. Note , however , that b o th ponderos a pine s awdust and 
bark are highly l ignified materials ( t ab le 1 ) . 
A s ummary o f  a s eries o f  treatmen ts o f  ponderos a pine s awdust and b ark 
appears in table 2 .  
It would appear that peroxyacetic acid is an e ffective delignifying agent 
even at low s olution concentrations . Almos t co mplete delignificat ion was 
accompl ished with prope r  condit ions o f  concen trat ion , time and temperature . 
In vitro digest ibility incre as ed as lignin was removed from the fib ro us 
material . Little d amage to  the cell walls o r  to  hemicellulos e was noted during 
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removal of lignin by peroxyacetic acid. Usually greater lignification also 
means less digestibility. However , untreated bark has a higher digestibility 
than untreated sawdust with a lower lignin content. Lignin structure is 
known to vary from one plant to another and may also vary at locations within 
the same plant. As complete delignification is approached , the digestibility 
of sawdust and bark is similar . 
Summary and Conclusions 
It appears most practical to remove approximately 60% of the lignin to 
attain high potential for ruminant utilization of fibrous wastes as measured 
by in vitro digestion. It has a very desirable feature in being almost non­
destructive to fibrous material and thus recovery of usable waste feed should 
be favorable to use. Treating methods such as high pressure , steam , heat or 
sodium hydroxide additions are more destructive in achieving similar levels of 
digestive potential. High pressure steam treatment for only 9 0  seconds , for 
example, destroys a large portion of hemicellulose as indicated by production 
of furfural during the reactions. Furfural production results from destruction 
of five carbon carbohydrates which comprise the major portion of the hemi­
cellulose fraction. This would mean a loss of about a third of the digestible 
dry matter during treatments by suc h methods rather than by peroxyacetic acid. 
Peroxyacetic acid treatment demands more safety precautions and sophisticated 
treatment methodology, however. Its use in production of feeds from highly 
lignified wastes will depend on the demand for new feeds and the cost of 
traditional feeds, especially roughages. Animal trials using peroxyacetic 
acid-treated materials are planned as soon as better methods of synthesis of 
peroxyacetic acid are developed to treat greater volumes of wastes. 
Table 1. Composition of Substrates Treated 
with Peroxyacetic Acid 
Neutral-detergent fiber 
Acid-detergent fiber 
Acid-detergent lignin 
Crampton and Maynard cellulose 
Nitrogen 
Ash 
4 
Ponderosa 
sawdust 
% 
92 . 8  
79 . 5  
2 7.4 
49 .1 
0.2 
0 . 2  
Ponderosa 
bark 
% 
74.4 
64 . 5  
33.7 
26 . 2  
0.3 
3 . 8  
Table 2 .  Effect of Peroxyacetic Acid Treatment on Ponderosa Pine Sawdust and Bark 
Petoxyacetic acid 
G/100 g 
ND Fa ADF
b 
ADL
c IVDMD
d 
IVCMDe Concentration substrate 'time Tem2erature Deli&!!ification 
% Hr oc % % % % % % 
Sawdust 
92 . 8  79 . 5  27 . 4  0 7 . 3  0 . 2  
2 . 50 20 168 25 88 .6  75 . 9  17 . 6  35 . 8  12 . 6  1 .  3 
3 . 75 30 168 25 85 . 7  73 . 2  14 . 3  47 . 8  26 .9 14 . 7  
5 . 00 40 168 25 82 .6 71 . 1  8 . 7  68 .2 48 . 6  37 . 7  
6 . 25 50 168 25 79 . 8  69 .5 5 . 8  78 . 8  61 . 5  48 . 2  
7 . 50 60 168 25 78 . 5  67 . 2  3 . 9  85 .8 68 . 3  59 . 6  
8 . 75 70 168 25 78 . 3  65 . 8  1 . 5 94 . 5  72 . 5  64 . 9  
20 . 0  200 1 75 73 . 0  60 . 8  0 . 2 99 . 4  81. l 69 . 0  
20 . 0  200 2 75 79 . 0  68 . 1  0 . 3  99 . 1  77 . 4  71 . 4  
20 . 0  200 3 75 76 . 5  67 . 3  0 . 1  99 .5 80 . 3  74 . 2  
10 . 0  100 1 75 77 . 8  66 . 2  0 . 3  99 . l  80 . 5  75 . 0  
10 .0 100 2 75 80 .4  69 .9 0 . 1  99 .5 81 . 8 77 . 3 
10 . 0  100 3 75 83 . 3  73 . 2  0 .2 99 .4 81 . 0  77 . 2  
Vi 5 . 0  50 1 75 77 . 3  65 .7 4 . 7 82 . 7  67 . 9  58 . 5  v..i 
5 . 0  50 2 75 77 . 0  64 . 7  1 . 9 93 . 2  75 . 1  67 . 6  
5 . 0  50 3 75 75 .9 64 .9 0 .9 96 . 7  78 . 0  76 . 7  
2 . 5  25 l 75 90 . 7  76 . 3  13 . 5  50 . 8  19 . 1  10 . 8 
2 . 5  25 2 75 89 . 6  76 . 0  11 . 2  59 . 0  30 . 3  22 . 2  
2 . 5 25 3 75 89 . 1  76.4 9 . 6  64 . 9  38 . 7  31 . 2  
2 . 5  25 l 85 88 . 8  76 . 2  14 . 0  49 . 0  28 . 4  14 . 1  
2 . 5 25 2 85 89 .7 75 . 8  13 . 0  52 . 6  38 . 2  27 . 0  
2 . 5 25 3 85 88 .6  76 .1 13 . 2  51 .9 37 . 8  25 . 6  
2 . 0  20 1 85 87 . 1  76 . 4  16 . 3  40 .7 15 . 5  2 . 9  
2 . 0  20 2 85 86 .1 76 . 7 15 . 7 42 . 8  18 . 9  5 . 9  
2 . 0  20 3 85 85 .9 77 . 2  15 . 6  43 . 2  19 .0  5 . 8  
Bark 
0 0 -- -- 74 .4  64 . 5  33 .7 0 30 . 0  5 . 9  
4 . 0  20 168 25 67 . 3  60 .8 24 . 8  26 . 3  46 . 6  20 . 6  
6 . 0 30 168 25 68 . 1  57 . 9  20 . 5  39 .3 53 . 2  31 . 3 
8.0 40 168 25 69 .4  56 . 8  16 . 4  51 . 3 56 . 5  37 . 3  
10 . 0  50 168 25 69 .8 55 . 6  13 . 8  59 . 1  60 . 0  42 . 7  
12 . 0  60 168 25 68 . 3  52 . 9  8 . 6  74 . 6  66 . 9  51 . 5  
14 . 0  70 168 25 66 .1 51 . 1  5 . 7 83 . 2  73 . 3  59 . 6  
�DF = neutral-detergent fiber. 
d 
eIVDMD =in vitro dry matter digestibility. ADF = acid-detergent fiber. IVCWD = in vitro cell wall digestibility. 
c ADL = acid-detergent,lignin. 
South Dakota State University 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment Station A.S. Series 76-13 
Roughage Quality and Protein Supplementation with 
High-Concentrate Rations for Finishing Cattle 
R. N. Gates and L. B. Embry 
Feedlot cattle have been shown to make high rates of gain with low feed 
requirements when fed all-concentrate rations during finishing periods up to 
6 months or more. However, some roughage has frequently been reported to 
improve weight gain and to reduce digestive problems associated with all­
concentrate rations. Roughage levels of 8 to 10% have appeared adequate for 
these purposes and are considered to be about optimum on basis of weight gain 
and feed efficiency. Questions are often raised as to the importance of 
roughage quality when included in rations at these low levels. 
It has been shown on several occasions in recent years that many 
finishing rations for feedlot cattle over 750 lb. do not benefit from protein 
supplementation. Numerous experiments during past years have been devoted to 
determining protein requirements for growing and finishing cattle. Require­
ments appear to have been determined rather accurately , and the amount needed 
in the ration is determined largely by the amount of various feeds consumed , 
digestibility and quality of proteins in the feeds , size of cattle and rate of 
prod uction. These factors should be considered in determining the need for 
supplemental protein with various types of growing and finishing rations. 
The objectives of this experiment were to determine the benefits of low 
levels of roughage in comparison to all-concentrate rations for finishing 
cattle , the importance of roughage quality when fed at low levels and the need 
for supplemental protein under the various conditions of roughage level and 
quality. 
Procedures 
Steers for the experiment had been used previously in a growing experiment 
for 138 days. They were fed corn silage with variations in level and source 
of supplemental protein. Upon completion of the growing experiment , all steers 
were fed a ration which consisted of 5 lb. of high-moisture corn grain and a 
full feed of alfalfa haylage for a period of 6 weeks. Changing over to an 
all-concentrate ration was then accomplished over a period of 2 weeks by 
gradual reductions in the alfalfa haylage and increases in corn grain. Following 
4 days of feeding all-concentrate rations , the steers (108 Hereford-Angus and 
36 Angus) were allotted on the basis of weight and breed group to 24 pens of 
6 each. 
Dietary treatments were an all-concentrate control , control plus 2 lb. 
daily of wheat straw for a poor quality roughage and control plus 2 lb. of 
bromegrass-alfalfa hay for a good quality roughage. Each of these rations was 
fed with or without supplemental protein , resulting in the six dietary treat­
ments. Each treatment was fed to four pens of steers with high-moisture corn 
fed to appetite. 
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The wheat s t raw contained 4 . 52% protein , dry b as is , and the bromegrass 
with a light mix of alfalfa contained 12 . 35% protein , dry b as is . Each roughage 
was chopped with a forage chopper set for the fines t  cut pos s ib le . 
The corn grain was purchased as dry corn . It was stored in an oxygen­
limit ing s ilo with water added as it was blown into the s ilo , resulting in an 
average moisture con tent as fed of  2 1 . 5% .  The prote in content averaged 1 1 . 5% ,  
dry b as is , whi ch exceeds NRC requirements for feedlot steers weighing over 
770 pounds , The s ilage b lower res ulted in considerab le cracking of the grain , 
and no further proces s ing was used . Average p rotein content o f  the all­
con centrate con trol rat ion was 1 1 . 3% .  The average protein content of  the 
rations over the entire experiment was reduce d approximately 0.7 percen tage 
unit by addition of wheat s traw and incre ased 0 . 1 percentage unit or les s by 
the b romegras s -al falfa hay . P rotein s upplement ation res ulted in an increas e 
of ab out 0 . 7  percentage unit . 
A soyb ean meal bas ed s upplement ( 1 7% prote in , dry b as is )  was fed at 2 lb . 
per head daily to steers that received s upplement al protein .  Cattle that 
re ceived no s upplemen tal protein were fed 2 lb . per head daily of a corn based 
s upplement which provided the s ame levels of added minerals , vitamin A, vitamin 
E and chlortetracycline as the s oyb ean meal s upplement . The s oyb ean meal 
supplement was formulated so that the ration with whe at s traw and s oyb e an meal 
s upplement would be ab out equal in protein content to the ration with bromegras s ­
alfalfa hay and corn s upplement . Ingredient composit ion of  the supplement s  i s  
shown in tab le 1 .  
Table 1 .  Ingredient Compos ition of  Supplements 
In gredient 
Corn 
S B O M  (44%) 
Limestone 
Dicalcium phosphate 
Pot as s ium chloride 
Trace mineral s alt 
Trace mineral premix 
Vitamin A premix 
( 30 , 00 0  IU/g) 
Vit amin E premix 
( 500 IU/g) 
Aureo mycin-10 
S BO M  
s upplement 
% 
44 . 4 6  
2 8 . 57 
9 . 9 3  
6 . 94 
6 . 60 
3 . 30 
0 .20 
added at rate of 10 , 000 
s upplemen t 
Corn 
s upplement 
% 
7 3 . 03  
9 . 9 3  
6 . 94 
6 . 60 
3 . 30 
0 . 20 
IU/lb , of  
adde d at rate of  150 IU /lb . of 
s upplement 
added at rate of 35 mg of  CTC/lb . 
o f  sup plement 
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Four implant treatments were superimposed over dietary treatments. 
Implant treatments were balanced with regard to dietary treatments with one 
pen each of the four serving as nonimplanted controls or implanted with 36 mg 
diethylstilbest rol (DES), 36 mg zeranol (RAL) or Synovex-S (20 mg estradiol 
benzoate and 200 mg progesterone) . 
Feeding was once daily and water was available continuously from automatic 
waterers . Animals were confined to outside, concrete-paved pens without access 
to shade or shelter . 
Weights were taken at 4-week intervals in early morning before feeding .  
In addition, initial and final weights were taken following an overnight stand 
(about 17 hr . )  without feed and water . The experiment was terminated after 
140 days, animals marketed and carcass data obtained. 
Results 
There were no apparent interactions between implant treatments and 
dietary treatments . Therefore, results for dietary treatments presented in the 
tables were averaged across implant treatments. 
Feed Intake 
Average daily feed intake accumulated to date by weigh periods is presented 
in table 2 .  In all instances, daily feed intake increased with increasing 
weights and time on the experiment . 
Table 2.  Cumulative Feed Intake by Weigh Periods as 
Affected by Roughage Source and Protein Supplement 
Roughage All-concentrate Wheat straw Brome hal 
Su:e:element Corn SBOM Corn SBOM Corn SBOM 
No. of animals 24 23a 24 24 24 24 
Init . shrunk wt . ,  lb. 681 687 677 678 679 679 
Final shrunk wt . ,  lb.  1099 1111 1023 1068 1084 1109 
Avg . daily feed, lb . 
28 days 14 . 53 15 . 05 16 . 83 16 . 23 16 . 21 17 . 80 
56 days 17. 92 18 . 29 19 . 74 21 . 23 19 . 52 21 . 33 
85 days 20 . 12 20 . 57 21 . 84 23 . 68 22 . 16 23. 76 
113 days 21 . 14 21 . 52 22 . 95 24 . 30 23. 41 24 . 74 
140 days 21.65 21 . 92 23 . 19 24 . 73 24 . 08 25 . 22 
Avg . protein content 11 . 3 12 . 1  10. 7 11 . 4  11 . 4  12 . l  
during expt . ,  % 
a One loss occurred not believed to be related t o  experimental diet . Results 
presented i n  all tables are averaged for 23 head for this treatment . 
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Without s upp lemental prote in , steers fed wheat straw consumed an average 
of 1 . 5  to 2 . 3  lb . more feed daily than s teers fed the all-concentrate ration . 
The greates t d ifference in feed int ake bet ween these t wo groups occurred during 
the firs t month of the experiment . After the firs t month , steers fed wheat 
s t ra w  cons umed more tot al feed but sligh t ly less concentrates ( grain and 
s upplement )  than thos e fed the all -concentrate ration . 
With s upplemental prote in , steers fed wheat s t raw consumed more tot al 
concentrates ( 0 . 8  to 1 . 1  lb . daily) than the all-concentrate gro up at each 
weigh period except the firs t  one . The data sho w  that s upplemental protein 
had only a minor effect on feed intake with the all-con centrate ration . 
Ho wever , there was a s ubstantial improvement in feed intake from protein 
s upplementation with whe at s t raw , amoun ting to  1. 3 to  1 . 8 lb . daily at various 
pe rio ds af ter the firs t  month . 
There was als o an improvement in feed intake from feeding o f  the b romegrass­
alfal fa hay in comparison to the all-concentrate rations . The increase over the 
all- concent rate ration was greate r  with s upplemental protein . Hay was cons umed 
more readily than the s t ra w .  However , there were only s light dif ferences in 
tot al feed intake bet ween the hay and s traw except for a s ligh t  advantage for 
hay near the end of the experiment . 
Weight Gain 
Weight gains to date by we igh periods are pres en ted in table 3 .  The 
140-day adj usted average daily gain is on bas i s  o f  the init ial shrunk weight 
and a final weight b as e d  on carcass weight , with live weight adj usted to a 
carcas s yield of 62% .  
Tab le 3 .  Cumulative Weight Gains by Weigh Periods as 
Affe cted by Roughage Source and Protein Supplement 
Ro ughage All -concentrate Wheat s traw Brome haI 
Supplement Corn SBO M  Corn SBOM Corn SBOM 
No . o f  animals 24 23 24 2 4  2 4  2 4  
!nit .  shr unk wt . ,  lb . 681 687 677 678 679 679 
Final shrunk wt . ,  lb . 1099 11 1 1  102 3 1 0 68 1 084 1 109 
Avg .  daily gain , lb . 
2 8  days 2 . 22 2 . 98 2 . 83 3 . 16 2 . 9 1 3 . 59 
5 6  days 2 . 62 3 . 19 2 . 64 3 . 39 2 . 95 3 . 40 
85 days 2 . 9 2 2 . 98 2 .  71 3 . 2 2 3 . 00 3 .  35 
113 days 3 . 02 3 . 1 9  2 . 74 3 . 06 2 . 9 7 3 . 22 
140 days ( fi lled) 3 . 02 3 . 08 2 . 51 2 . 90 2 . 95 3 . 2 1  
140 days (adjus ted)  3 . 08 3 . 08 2 . 5 6  2 . 95 2 . 99 3 . 22 
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Weigh t  gain during the firs t month of  the experiment when increas ing the 
animals to a full feed was lo wes t for the all-concent rate ration without supple­
ment al prot ein .  1here was consi derab le improvement for this tre atment group 
after the firs t month . These cat tle h ad we ight gains nearly equal t o  the all­
con centrate group with supp lement al protein by end of the third month . There 
was no advan t age for the s upp lement al protein with all-concentrate rations on 
the b as is o f  weight gain at the end of the 140-d ay experiment . 
Whe at s traw res ulted in a marked increas e  in weight gain during the firs t 
mon th on experiment in comp arison to the all-con centrate ration when fed with­
out s upp lemen tal protein . After th is time . whe at straw wit hout supplement al 
prote in res ulted in reduced weight gains . 
Whe at s t raw with protein s upp lemen t at ion resulted in higher weight gains 
th an the comp arab le all-concentrate ration during the firs t 3 months of the 
experiment .  There af ter. these cat t le gained at a lower rate th an the all­
concen trate group with supp lemen tal protein . 
There was also a s ub s t antial improvement in weight gain from b romegras s ­
alf alfa h ay in comp arison t o  the all-concentrat e  ration fed without s upple­
men tal protein during the firs t month of the experiment .  These cattle fed hay 
gained at a rathe r uniform rate throughout the experiment rather than showing 
a later incre as e  as did the all -concentrate group . After the s econd month 
there appe ared to be essentially no advantage for the h ay on the b as is o f  
weight gain . 
Supplemental protein with the h ay appeared to provide about as much 
bene fit as with the all -concentrate rat ion during the first 2 months of the 
experiment . The initial advant age in tot al gain from s upplement al prote in with 
hay was s lightly imp roved during the experiment in contras t  to a loss of the 
initial advantage after ab out 3 months with the all-concen trate rat ion . 
In direct comp arisons bet ween rations with s traw o r  h ay 9  s traw was 
in ferior to h ay .  The difference b et ween rat ions with s t raw or hay was less 
with s upp lemen tal protein . Rations with s traw and s upplement al protein res ulted 
in slightly higher rates o f  gain during the firs t 3 months o f  the experiment 
than did rations with the hay and no supplemental pro tein . Thes e  rat ions were 
approximately equal in tot al protein con tent . Over the 140-day experiment ,  
s imil ar weight gains were ob t ained with these t wo rations . 
Feed Ef fi cien <:Y_ 
Data on feed efficien cy are presen ted in t ab l e  4 .  Fee d  required per unit 
of  gain incre as ed with incre as ing time on experiment and weight of the cattle . 
As would be expe c te d  from dat a  presented on feed intake and weight gain , feed 
to gain ratios were imp roved by roughage addit ions during the e arly part of 
the experiment . After the firs t or second month , tot al feed requirements were 
higher for rations with rough ages . Requirements were increased more with s traw 
th an wi th h ay .  
10 
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Table 4 .  Cumulative Feed Efficiency by Weigh Periods as 
Affe cted by Roughage S ource and P rotein Supplemen t 
Roughage All -concentrate Wheat s t raw Brome h �  
S upplement Corn SBOM Com SB OM Corn SBO M 
No . o f  an imals 24 23 24 24 2 4  2 4  
!ni t .  shrunk wt . ,  lb . 681 687 677 678 679 679 
Final shrunk wt . ,  lb . 1099 1111 102 3  10 68 1084 1109 
Feed/ gain ratio 
28 days 6. 8 1  5 . 2 5  6 . 09 5 . 16 5 . 5 7  5 . 01 
5 6  days 6. 9 3  5 . 74 7. 5 1  6 . 2 7  6 . 67 6. 2 9  
8 5  days 6 . 89 6. 9 2  8 . 07 7. 37 7 . 4 1  7. 08  
113 days 7. 00 6.75 8 . 39 7. 9 6  7. 9 1  7. 69 
140 days ( filled) 7.16 7. 12 9 . 25 8 . 50 8 . 19 7. 83  
140 days ( adj usted)  7. 0 5  7. 13 9 . 0 8  8 . 42 8 . 09 7. 84 
Protein s upp lementation i mproved feed eff icien cy with all rations during 
the firs t 2 months o f  the experiment . After this time , there was essentially 
no improvement in feed e fficiency from protein supplementation of the all­
concentrate ration . Prot ein s upplemen tation of rations with s traw or hay 
i mprove d fee d  efficiency with the e ffect being more pronounced with s t raw 
than with hay . 
Feed to  gain ratios sho wn by componen ts o f  the rations for the entire 
experiment are sho wn in table 5 .  Without protein s upplementat io n ,  require­
ments for concentrates were increase d  by feeding s t raw or hay . This incre as e 
was greater for straw than for hay .  Feed requirements as concentrates were 
also increas ed by feeding straw or hay when rations con tained the s oybe an meal 
s upplement .  The increase was less than for ration s  without s upplemental 
protein b ut again greater for rations with wheat s t ra w .  
Tab le 5 .  Feed to  Gain Ratio After 140 Days 
Roughage All -concentrate Wheat s t raw Brome hal 
S uEElement Corn SBO M  Com SBO M  Corn SBOM 
Final shrunk wt . ,  lb . 109 9  1111 102 3  10 68 1084 1109 
Adj us te d  avg . daily 3 . 08 3 . 08 2 . 5 6  2 . 95 2 . 99 3 . 22 
gain , lb . 
Feed to gain ratio 
Corn grain 6 . 4 1  6. 4 9  7 . 5 3 7 . 0 8 6. 76 6 . 63 
S upplement 0 . 64 0 . 64 o. 77 0 . 67 0 . 66 0 . 61 
Wheat s t ra w  o r  o. 77 0 . 67 0 . 67 0 . 62 
brome hay 
Total 7. 05 7. 13 9 . 0 7  8 . 42 8 . 09 7. 8 6  
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The value of straw in comparison to the hay can be estimated from the feed 
requirement data ( table 5). Without protein supplementation, 100 lb . of wheat 
straw plus 114 lb. of concentrates ( corn and corn supplement ) were equal to 
87· lb . of the hay . It is evident that wheat straw would not be an economical 
subst itute for hay of the qualit y  used under these conditions . With protein 
supplementation, 100 lb . of the straw plus 67 lb . of corn and 9 lb . of the 
supplement were equal to 9 3  lb . of the hay . While more favorable for straw 
under this condit ion than without protein supplementation , wheat straw would 
not likely be an economical subst itute for hay of the quality used under 
conditions as in this experiment . The value of the wheat straw ration might 
have been improved by a higher level of protein supplementation .  Under such 
conditions, st raw would have to be enough cheaper than hay to j ust ify the cost 
of the additional protein supplementation. 
Carcass Data 
Carcass data are shown in table 6 .  Carcasses were graded under the 
system in use during the fall of 1975 . All treatment groups had carcasses 
grading within the range of low to average Choice . While there were some 
small differences in carcass characteristics measured, there appeared to be 
no consistent effects from roughage treatments or protein supplementation 
other than those associated wit h  weight gain and carcass weight . 
Table 6 .  Carcass Data 
Roughage All-concentrate Wheat st raw Brome 
Supplement Corn SBOM Corn SBnM Corn 
Hot carcass wt . ,  lb . 689 69 3 641 676 680 
Marblinga 5 . 7  6 . 3  5 . 9  6 . 5  6 . 2  
Carcass gradeb 19 . 4  19 . 8  19 . 6  20 . 0  19 . 7 
Percent kidney fat 2 . 2 2 . 4  2 . 7  2 . 7  2 . 4  
Rib eye area, sq . in.  11 . 45 11 . 47 11 . 28 10 . 92 11 . 15 
Fat thi ckness, i n .  0 . 71 0.17 0 . 62 0 . 74 0 . 67 
a Moderate =  7, modest = 6, small• 5 .  
bPrime = 23, Choice = 20, Good = 17 . Graded to one-third grade . 
Sunnnary 
hay 
SBOM 
700 
6 . 0  
19 . 6  
2 . 3 
11 . 52 
0 . 74 
One hundred forty-four steers averaging about 680 lb . initially were fed 
for 140 days to determine the benefits of a low level of roughage in comparison 
to all-concentrate rations, the importance of the quality of roughage when fed 
at low levels and the need for protein supplementation under the various 
conditions of roughage level and qualit y .  All-concentrate rations were com­
pared to those with 2 lb. of wheat straw for the low qualit y  roughage and 2 lb.  
of bromegrass-alfalfa hay for the good quality roughage .  All rations were fed 
with and without supplemental protein. Average protein contents for the entire 
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experiment were 1 1 . 3 ,  10 . 7  and 1 1 . 4% ,  respectively , for all-concentrate , wheat 
straw and hay rations fed without supplemental protein and 1 2 . 1 ,  1 1 . 4  and 12 . 1 % 
when fed with s upplemental prote in . 
Roughage addit ions and prote in supplementation improved feed intake , 
weigh t  gain and feed efficiency during the firs t 1 or 2 months o f  the experi­
ment . Only with wheat s traw did there appear to be an advan tage for supple­
mental prote in througho ut the experiment .  Catt le fed all-concentrate rations 
with or witho ut s upplemental protein had the s ame weight gain and ab out the 
s ame feed efficiency over the entire experiment .  The apparent advantage for 
the s upplemental prote in for cattle fed the h ay could be attrib uted largely 
to the imp roved performance during the early part of the experiment .  
Feedin g  wheat s t ra w  witho ut prote in s upplement ation reduced weight gains 
and increased feed requirements . While perfo nnance was improved with supple­
mental prote in ,  weight gains were slight ly lower than for catt le fed the 
all-concentrate ration and total concentrate req uirements were higher . 
Feeding b romegrass -alfalfa hay without s upp lemental protein res ulted in 
no i mprovement in wei gh t  gains over the all-c oncentrate ration for the entire 
experiment with a h igher requirement for concentrates . While overall wei ght 
gains were higher with protein s upplementation , there was no reduction in 
requirement for total concentrates by feeding hay . 
In dire ct comp arisons bet ween straw and hay , s t raw was inferior to the 
h ay . Cattle performance was imp roved more by protein supplementation with 
straw than with hay . There were only small d iffe rences between catt le fed 
s t raw with s upplemen tal prote in and cat t le fed the hay without supplemental 
protein . Under such condit ions , s t raw could be an e conomical s ubstit ute for 
hay i f  the price was eno ugh lowe r  than for hay to j ustify the additional 
supplemental protein . 
Dietary t reatmen ts appeared to have no consistent e ffe ct on carcass 
characteris tics meas ured except as influenced by weight gain and carcass 
wei ght . 
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Processing of Oats in Limit ed Grain Rations for Wintering Calves 
L .  B .  Embry and D .  E .  Overbay 
Hay fed to appetite along wit h  5 to 6 lb . of grain is a common ration for 
growing calves for herd replacements or later feedlot finishing . Feeding 
could be simplified and costs reduced by feeding grain in the whole form . 
Studies with corn have often shown some improvement in weight gain and feed 
efficiency from processing the grain for cat tle where the roughage level exceeds 
about 20% of the dry ration . Sorghum grain , wheat and barley appear to benefit 
more from processing than does corn grain. 
Rat ions for growing calves often contain 50% or more roughage dry matter .  
This is a level above which it  appears some method o f  processing should be 
used for the grain. However, there seems to be less effect from processing 
grain for calves during the first winter following weaning than for older 
feedlot cattle .  
Hay with a limited feed of oats i s  a common ration for wintering calves . 
The oats are commonly ground or rolled . The experiment s reported here were 
conducted to compare whole oat s  with ground or rolled oats when fed at levels 
of 5 to 6 lb. per head daily wit h  a full feed of alfalfa as hay or haylage in 
rations for wintering calves . 
!!Periment 1 
Procedures 
One hundred t wenty steer calves were purchased for the experiment . They 
were allotted into 8 pens of 15 each on basis of weight . Those in four pens 
were fed whole oats and those in the other four pens were fed ground oats. 
Rations consisted of 5 lb. oat s ,  1 lb . of supplement and a full feed of 
alfalfa hay . 
The pelleted supplement was composed of ground oats wit h  6% t race mineral 
salt , 5% cane molasses and vitamin A to furnish 20 , 000 IU per pound of supple­
ment . The alfalfa hay was field chopped at 20 to 25% moisture , stacked in 12-
to 15-ton stacks and dried by use of ducts and a fan with unheated air .  Average 
protein content on a moist ure-free basi s  was approximately 17. 5% .  
A hammer mill was used to gri nd the oats for the group which received 
this treatment . The oats were ground to pass a 3 / 8  inch screen so no whole 
kernels remained. The average protein content was about 15% . 
The cattle were fed in outside , unpaved pens wit hout access to shelter.  
Feeding was once daily wit h  hay offered in about equal amounts to all pens of 
cat tle . 
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Results 
The experiment was started in December and t erminated af ter 203 days . 
Init ial and final weights repres ent an overnight stand without feed and 
water . 
Dai ly rate of  gain was essentially the s ame for s t eers fed whole ( 1 . 4 4 lb .) 
or ground ( 1 . 42 lb . )  oats at 5 lb . daily with 1 lb . of s upple ment and a full 
feed of chopped alfalfa hay . The hay was fed at approximately the s ame rate 
for b oth groups of cattle . It was of fered in excess of  con s umpt ion , but there 
was no noticeab le difference in amount refus ed between the two treatment groups 
of cattle . In th is cas e ,  feed efficiency was similar for whole and ground oat s 
as was the rate of gain . 
A total of s even s teers died or were removed during the experiment . Three 
were fed whole oats and four were fed ground oat s .  Thus , there appeared to b e  
n o  difference in grain p reparat ion treatments on these losses . Rat ions of  
alfalfa hay and oats as  fed in this experiment sometimes present prob lems from 
bloat . Ho wever , none of  the los ses were from bloat , and this cond ition did 
not presen t  a problem during the experiment .  
�xperiment 2 
Procedures 
In view of  the exces s  in feeding hay in experiment 1 ,  it was considered 
des irab le to  conduct another experiment where the roughage port ion o f  the 
ration was fed at leve ls that would be almos t comp letely consumed . T wen ty-s ix 
steers were us ed in the experiment .  They were allotte d  into 4 pens o f  6 or 7 
per pen on b as is of weight . Two p ens were fed who le oat s and two fed rolled 
oats at 6 lb . per head daily . Alfalfa-b rome haylage ( 44% dry mat ter) was full­
fed in amoun ts to be nearly cons umed by the next feeding . No supplement was 
fed to  the cat tle , but they were offe red free access to a calcium-phosphorus 
s upp lement and trace mineral s alt . The oats were rolled to  a fineness so mos t 
o f  the kernels would be cracked . 
Feeding during this experiment was once dai ly in outside , concrete-paved 
pens without acces s  to shelter . 
Res ults 
This experiment was started in mid-December and terminated after 149 days . 
Initial an d  final weights represent an overnight stand without feed and water. 
Res ults are presen ted in table 2 .  
Daily rates of  gain were s imilar for cattle fed who le (1. 57 lb . )  and 
rolled oats (1.45 lb . ) .  Thes e  rat es of  gain differ only sli ghtly from the 
firs t experiment ,  also s tarted in mid-December but continue d for 203  day s . 
The oat grain was fed at the s ame level for the whole and rolled groups . 
1hose fed whole oats cons umed an average of ab out 2 lb . more hay lage dai ly 
(44% dry mat ter) . They had a sligh t ly higher rate of  gain , resulting in a 
s imilar feed e fficiency as for thos e  fed the ro lled oat s . 
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No loss es occurred d uring this expe ri men t and no digest ive prob lems were 
encoun tered fro m the oats and alfalfa-b romegras s  haylage . 
S ununary and Co mments 
Res ults of two wintering experiments s t arted in mid-Dece mb er (203  and 149 
days ) with s teer calves sho wed ess enti al ly no dif fe rence on bas is o f  weight 
gain an d  feed e fficiency bet ween o ats fed who le and rolled or ground at levels 
of 5 or 6 lb . d aily with a full feed of chopped alf alfa hay or al f alfa­
bromegras s  h aylage . Blo at or other digest ive disorders did not present 
prob lems during the expe ri ments . Some los ses occ urred in one experiment ,  b ut 
los ses were ab out the s ame for whole or ground grain tre at ments and did no t 
appe ar to b e  related to rat ions fed . 
Protein con ten ts of  alf al f a  and oats are generally in excess o f  percent 
protein recommended in rat ions for gro wing calves . Thus , any s upplement fed 
co uld be composed largely of grain . The primary purpo s e  of a s upplement wo uld 
be to serve as a carrier for added minerals , vit amin A and desired feed 
additive s . 
Rates of  gain ob t ained from alf alfa hay or haylage and 6 lb . o f  o at s  or 
oats and s upple ment ranged fro m  1 . 42 to 1. 5 7  lb . daily in t he two experimen ts . 
These rates of  gain re pres ent s at is factory ones for gro wing c alves for herd 
re placements or later feedlot finishing . Feed cos t s  for gro wing c alves with 
these rations can be calculated from feed req uirement d at a  pres ented in the 
tab les by use o f  appropri ate pri ces for the feeds t uf fs . P ro per charges sho uld 
be made for non feed cos ts to arrive at the tot al cos t s  for the wintering 
operation . 
Table 1 .  Whole or Ground O ats with Al f alfa Hay 
for Growing Calves 
(Dece mber 1 9 , 19 72 to July 10 , 19 7 3--203  days ) 
Experiment l 
Whole oat s  
No . ani mals 5 7  
Avg. initial wt.,  lb . 424 
Avg. final wt . ,  lb . 7 16 
Avg . d aily gain , lb . 1 . 44 
Avg . d ai ly feed , lb . 
Chopped alfalfa h ay 1 5 . 7  
O ats 5 . 0  
S upplement 1 . 0 
Tot al 2 1 .  7 
Feed/ 100 lb . gain , lb . 
Cho pped alfalfa h ay 1090 
O ats 347 
S upple ment 69 
Tot al 1506 
16 
Ground o ats 
5 6  
4 1 8  
70 7 
1 .4 2  
15 . 6  
5 .0 
1 . 0  
2 1 . 6  
1099 
352 
70 
15 2 1  
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Table 2 .  Whole or Rolled Oats with Al falfa-brome 
Hay lage for Growing Calves 
(December 1 7 , 1 9 7 5  to May 14 , 19 76--149 days ) 
Experimen t 2 
Whol e  oats Rolled oats 
No. animals 1 3  1 3  
Avg. initial wt . ,  lb . 549 550 
Avg .  final wt . ,  lb . 784 766 
Avg . daily gain , lb . 1 . 57 1 . 4 5 
Avg . daily feed, lb . 
(1 3 .  6 7 )  a Al falfa-b rome h aylage 2 7 . 33 2 5 . 4 3  (1 2 .  7 2 )  
Oats 5 . 9 2 5. 9 2  
Total 33 . 2 5 (19 . 59 )  31 . 35 (18 . 64 )  
Feed/ 100 lb . gain , lb . 
Al falfa-b rome hay lage 1 733 (87 1 )  1 7 52 (87 7 )  
Oats 375 4 0 8  
Total 2 10 8  (1 2 4 6 )  2 1 60 (12 85) 
a 
Values in parenthes is corre cted to air dry or 8 8% dry mat ter b as is . 
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Past experiments at this station with cattle on pasture have involved 
various levels of grain feeding. Levels of corn grain varied from none to a 
full feed averaging about 14 lb. per head daily. The corn was rolled prior to 
feeding in all experiments. 
Several experiments have also been conducted where growing and finishing 
feedlot cattle were used in comparisons when feeding whole or rolled corn 
grain. Results of this research showed no advantage for rolling the corn in 
comparison to feeding whole on basis of weight gain and feed efficiency when 
rations contained 80% or more corn. At lower levels of grain feeding, there 
appeared to be some benefits from processing the grain. 
Results of the feedlot experiments might indicate that corn grain need 
not be processed when offered at about a full feed to cattle on pasture. 
Therefore, experiments reported here were conducted to compare whole and 
rolled corn grain when fed at various levels to cattle during growing and 
finishing on pasture. 
Procedures 
The same pasture area was used for two experiments. It was established in 
1968 and had been grazed at about maximum stocking rates each pasture season 
since that time. The pasture area was seeded for a stand of about equal parts 
alfalfa and grasses ( bromegrass and intermediate wheatgrass) . It was ferti­
lized in early spring of most years with a typical application being about 
125 lb. of 18-46-0 per acre. Management procedures appeared to maintain 
approximately the desired proportions of alfalfa and grasses in the pasture. 
Levels of corn grain fed per head daily were 0 (control), 4 lb., 8 lb. 
and a full feed. Each level was replicated four times for 16 paddocks of 
cattle. For those fed grain, it was fed whole for two paddocks and rolled for 
the other two. 
For the first experiment (1974), 64 Hereford-Angus heifers were allotted 
into 16 paddocks of 4 head each. For the second experiment (1975), 64 Hereford 
heifers were used again with four animals per paddock. Acres per replicate 
(paddock) provided were 5 for the no grain control and 4-lb. groups, 3.75 for 
the 8-lb. group and 2.5 for those full-fed. 
Grazing procedures during the 2 years were to allow the cattle only one­
half of each paddock for a period of about 6 weeks and then the entire area 
for the remainder of the grazing season. Because of relatively low rainfall 
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during e ach year , the area of each paddock res erved for later grazing was not 
clipped nor were pas tures clipped during the graz ing season . Ample forage was 
availab le during the pas ture seas on but with some on the mature side because 
o f  the management proce dures followed . 
Hei fers in all paddocks fed grain were started at 4 lb . per head daily . 
The grain was increas ed at a rate of 1 lb . per head daily to the 8-lb . level 
for this group and until grain remained in the feed bun k  at the next feeding 
for the full-fed group . Grain was fed once daily in feed bunks located near 
the water s upply . S alt and dicalc ium phosphate were s upplied free -access .  
The hei fers were implan ted with 36 mg zeranol at the beginning of  each experi­
ment .  
Results 
Results of the experiment are presented in t ab le 1. For mos t  treatment 
groups , the Here ford-Angus heifers in the firs t experiment having a heavier 
initial wei ght had higher weight gains . The response in gain to increasing 
levels o f  grain feeding in comp aris on to the no grain control was quite small , 
amounting to 0.07, 0.05 and 0.07 lb . daily , respective ly , for the 4 lb . ,  8 lb . 
and full- fed levels . We ight gains and response to  grain feeding were les s  in 
these two experiments with heifers than in previous ones with steers . 
There were no cons is ten t  differences between who le and rolled corn for 
levels of grain or years . The average for the 2 years showed only small 
diffe rences in we igh t  gain between forms of corn grain with no apparent 
advan tage for processing the corn . 
Summary 
Results of the experiments show a relatively small respons e in weight 
gain per unit of grain by hei fers fed grain on pas ture at daily leve ls o f  
4 lb . ,  8 lb . or a full feed (about 14 lb . ) i n  comparison to no grain controls . 
Rates o f  gain increas ed with increas ing levels o f  grain and would , there fore , 
re duce days needed for drylot finishing following the pas ture s eas on . 
In creas ing leve ls o f  grain could be expe cted to  reduce consump tion of  
pas ture forages which was not measured in these experiments . The de crease in 
forage cons umption would mean more animals could be stocked per acre and could 
res ul t  in a lower pas t"ure charge per animal . 
These res ults dif fe r  s omewhat from the drylot experiment where there 
appeare d  to be s ome advantage of rolled over whole corn at the grain levels 
used in thes e pas ture experimen ts . An experiment in progress appears to b e  
showing s ome advan tage f o r  rolled corn , even a t  the full-fed level . More 
pas ture feedin g  experiments are planned to more adequately test the need for 
p rocessing corn grain fed at various l evels for growing and finish ing catt le 
on pas ture . 
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Table 1. Whole or Rolled Corn Grain Fed at Various Levels on Pasture 
No 4 lb . /head daily 8 lb./head daily Full-fed 
grain Whole Rolled Whole Rolled Whole Rolled 
No. animals 27 16 16 16 16 16 16 
Days fed 136 136 136 136 136 136 136 
N 
Initial shrunk wt., lb. 594 596 596 595 597 603 600 0 
Final shrunk wt. , lb • 759 798 794 816 813 914 884 
w 
Avg. daily gain, lb. 1.20 1.48 1.45 1.62 1.58 2.27 2.16 
Avg. daily ration, lb. 
Whole or rolled corn 3.86 3.84 7.65 7.53 14.17 14.00 
Feed/100 lb. gain, lb. 
Whole or rolled corn 260 266 472 475 625 650 
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Nume rous experiments during pas t years have shown that performan ce of 
growing and finishing feedlot steers and he ifers is improved when they are 
adminis tered die thylstilbes trol (DE S ) , Synovex or zeranol . The improvement 
has been reported from an early age of the s uckl ing calf throughout growing 
and finishing by implanting and reimplant ing at appropriate inte rvals . 
Produc ts availab le to b e  include d in the feed include DES for s teers and 
hei fers and melengestrol acet ate (MGA) for heifers . This route of adminis tra­
tion is an e f fe ctive one for improved weight gains and feed efficiency for 
these two products . I mprovement in animal performance from thes e  implants and 
feed addit ives has been reported with numerous types of rations as to levels 
and sources of energy , protein and other es s en tial nutrients . Howeve r ,  the 
degree of res ponse may vary with the nutrit ional adequacy of the ration . 
Comparis ons between DES , Synovex and zeranol implants and a nonimplanted 
con trol under various conditions of growing and finishing are more limited . 
The experiment reported here is a continuation of research comparing implants 
o f  t he th re e  products during feedlot finishing of  s teers . 
Procedures 
S teers used in the experiment were fed all- concentrate rat ions or s imi lar 
rations plus 2 lb . of wheat s traw or 2 lb . of  b romegras s -alfalfa hay . Each 
type o f  ration was fed with 2 lb . per head daily of  a soybean meal-b ased 
supp lement ( 1 7% prot ein) o r  a corn-b as ed supplement fortified with adequate 
levels of minerals , vit amin A ,  vitamin E and chlortetracycline . The three 
roughage treatments each with or without s upplemen tal protein were offere d t o  
four pens of  s ix s teers pe r pen . 
Wi thin each o f  the s ix dietary tre atmen ts , one pen served as the non­
imp lan ted control , one pen of animals was implante d  with 36 mg o f  DES , one 
with Synovex-S (20 mg estradiol and 200 mg progesterone) and one with 36 mg 
zeranol . Imp lant treatmen ts were administered at the beginning of the 1 40-day 
finishing experimen t .  All s teers had re ce ived 36 mg zeranol implants at the 
beginning o f  a growing experiment about 6 mon ths prior to the s tart of this 
finishing experiment .  A preliminary period o f  6 weeks was allowed between 
this experiment and a previous growing experiment in which the ration was corn 
s ilage with protein s upplemen t . Adapt ation to an all-con cen trate ration was 
accomplished during this preliminary perio d .  The various diet ary treatment s  
were initiated when the cattle were we ighe d and sorted f o r  the experiment . 
Animals were allot ted to 2 4  pens o f  6 e ach on bas is o f  weight . Feeding 
was once daily in amoun ts to be nearly consumed by the next feeding . The 
steers were confined to outs ide , concrete-paved pens wi thout access to shade 
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or she lter . Wei ghts were taken at 4-week intervals in early morning before 
fee ding . In addition , initial and final we ights were taken follo wing an over­
night s tan d  ( about 1 7  hr. ) witho ut access to fee d an d water . The experiment 
was terminated after 140 days , animals mar keted and carcass data ob t ained. 
Res ults 
There were no apparent interact ions bet ween dietary treatmen ts and imp lant 
treatments . There fore , res ults for imp lant treatments presented in the tab le 
are ave rages for s ix replication s  across diet ary tre atments .  
Nonimp lan ted steers gained 2 . 80 lb . daily . All implant treatments res ult e d  
in fas ter we ight gains . Diffe rences over nonimp lante d controls amounted t o  
0 . 15 ,  0 . 2 8 and 0 . 22 lb . dai ly for DES , Synovex-S and zerano l ,  respective ly .  
Imp rovements expressed as a percentage over cont rol in the above order amounte d 
to 5 . 4 ,  10 . 0  an d 7 . 9% .  The differences sho wn for Synovex-S and zeranol over 
nonimp lanted con trols were s ignificant (P < . 0 5 ), b ut there were no s ignifican t  
di fferences bet�een imp lan t treatmen ts . 
Imp lan t treatmen ts ap peare d to have only small e ffects on fee d intake . 
There fore , implan t treatments res ult ing in higher rates o f  gain also res ult e d  
in improve d fee d  e fficiency . The improvement a s  a percent o f  nonimplanted 
con tro ls amounted to 6.9, 8.6 an d  5 . 5% ,  respe ctive ly ,  for DES , Synovex-S an d 
zeranol. All di ffe rences were s ignificant ly (P<. 05)  different from con trols 
but not bet ween imp lant tre atmen ts . 
Dif ferences in carcass characteris t ics meas ure d were small.  Implanted 
cat tle making fas ter rates o f  gain had heavie r  carcasses with a tendency toward 
larger rib eyes and more fat cove ring . 
S ummary 
Imp lan ts o f  36 mg diethylstilbes t rol (DES ) , Synovex-S ( 20 mg estradiol 
and 200 mg proges terone ) and 36 mg zeranol an d a nonimp lan te d control were 
compare d  in a finishing experimen t us ing 144 s teers averaging abo ut 680 lb . 
initially with 6 pens o f  6 e ach per treatment gro up .  All s teers had been 
imp lan te d with 36 mg o f  zeranol abo ut 6 mon ths prior to the finishing experi­
ment .  Rations during the 140-day experimen t  were all-con centrates or s imi lar 
ones p lus 2 lb . o f  e ither wheat s t raw o r  b romegrass-alfalfa hay . 
Nonimp lan te d s teers gained 2 . 80 lb . dai ly .  All imp lan t treatments 
res ulte d  in fas ter rates of gain . Improvements ove r con trols amounted to 5 . 4 ,  
10 .0 an d 7 . 9% ,  respective ly ,  for DES , Synovex-S an d zeranol. Implant treat­
men ts had only small e ffe cts on fee d intake b ut res ult e d  in improvements in 
fee d e fficiency o f  6.9, 8.9 and 5 . 5% for DES , Synovex-S an d zeranol ,  respe c­
tive ly .  Di fferences in carcass characte ris tics were sma ll. Implanted cat t le 
making fas ter gains had heavie r carcas s es with a ten dency toward larger rib 
e yes and more fat covering . 
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Imp lant Treatmen ts for Finishing Cattle with Hi gh Corn Diets 
(June 10 to  October 2 3 ,  19 7 5-- 1 40 days ) 
Number o f  animals 
Init . shrunk wt . ,  lb . 
Final shrunk wt . ,  lb . 
Avg .  daily gain , lb . 
Avg, dai ly ration , lb . 
Feed / 100 lb . gain , lb . 
Hot carcas s wt . ,  lb . 
Marblingb c Carcass �rade 
Mat urity 
Colo re f Firmness 
Percent kidney fat 
Rib eye are a ,  sq . in . 
Fat thi ckness , in . 
Con trol 
36 
6 80 
10 7 1  
2 . 80 
2 3 . 39 
835 
6 64 
6 . 3  
19 . 9  
2 3 . 1 
4 . 9  
5. 8 
2 . 5  
1 1 . 16 
0 . 6 6  
DES 
35a 
683  
109 5 
2 . 9 5 
2 2 . 9 3 
7 7 7  
6 79 
6 . 2  
19 . 7  
2 3 . 0 
4 . 9  
5. 7 
2 . 6  
1 1 . 16 
o. 72 
Synovex- S 
36 
6 7 9  
1 1 10 
3 . 0 8 
2 3 . 50 
763  
688 
5 . 8 
19 . 6  
2 2 . 8  
4 . 7 
5. 7 
2 . 3  
11. 42 
0 . 71 
Zeranol 
36 
6 79 
110 1  
3 . 0 2 
2 3 . 8 1  
7 89 
6 83 
6 . 0  
19 . 5  
2 3 . 0  
4 . 7  
6 . 0 
2 . 3  
11. 4 6  
0 . 70 
aOne loss occurre d  not believe d to  be related to conditions o f  the experi-
men t . Res ults presen te d  for this t reatment gro up are for 35 head . 
bModes t = 6 ,  small = 5. 
cChoice • 20 , Good= 1 7 . Graded to one-third grade . 
dz3 = A mat uri ty . 
eHigher n umber represents darker meat . 
fHigher n umber represents firmer meat . 
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South Dakot a State Universit y 
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Departmen t of Animal Science 
Agricultural Experiment St ation A. S. Series 76-17 
Conven tionally-Dried, Solar-Dried and Acid-Treated 
Corn for Finishing Beef Cattle 
R. M. Luther, L. B. Emb ry and J ,  F. Giles 
Recen t concern about costs and availabilit y of energy for dryin g corn 
grain at harvest has led to a search for alternative methods of drying or 
preserving corn. The use of solar energy for drying or preservation with 
organic acids appear to b e  economical ways of handling wet corn in the storage 
struc ture. Limited information is available as to the nutritional value of 
corn sub j ected to these treatmen ts and fed to fattening beef cat tle. 
An experiment was initiated at the James Valley Research and Exten sion 
Center, Redfield, during the summer of 1976 to determine the value of corn 
grain dried or preserved by  different methods. A portion of the trial dealt 
with methods of administering vit amin A and these result s will b e  reported at 
a later time. 
Procedure 
Seven ty-eight crossbred st eers averaging 750 lb . were purchased through a 
livestock auction for the experiment. The cattle were from one owner. The 
steers were ear tagged, weighed and allot ted to 6 pens of 13 steers each. 
Initial and final weights were recorded following an 18-hour overnight stand 
without feed and water. The steers were vaccinated against IBR (Rednose) and 
Clostridium spp. (b lackleg , malignan t edema) and implanted with 36 mg zeranol 
at the start of the trial. 
The ration treatments were methods of drying and/or preserving whole 
corn grain. Whole shelled corn harvested from the 1975 crop was st ored in 
1000-bushel quan tities in separate bins. 
Moisture con tent of corn at harvest was 24% for the solar-dried and 17% 
for the conventionally-dried corn and acid-treated corn. The corn was 
harvest ed b etween Novemb er 3 and 10. Differences in moisture con tent were 
due to corn variet ies with differing maturit y dates and dates of harvest . 
Conventionally-dried corn was dried with natural gas at a local elevator . 
Solar-dried corn was st ored in an experimental bin designed for drying with 
solar energy and equipped with a fan and motor. The acid-treated corn was 
prepared b y  applying Grain St orer P at the rate of 1. 3 gallon per ton (36 bu. ). 
This product supplied propionic acid in an amoun t to permit safe storage up to 
1 year. Acid-treated corn was st ored in a granary bin of wood construction. 
The cat tle were fed chopped hay and oats grain for about a mon th prior to 
the start of the trial. During the first 2 weeks of the trial the cat tle were 
gradually shifted to a full feed of whole shelled corn with limited hay . Hay 
consumption was reduced from 11.5 lb . to 2 lb . of good quality, chopped 
alfalfa-b romegrass hay per head daily during this period. Hay consumption 
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over the 106-day trial average d 2 . 6 7  lb . per s teer daily . Each corn treatment 
was replicated wi th two pens of catt le . The cattle in one repl ication re ce ived 
1 lb . of  pelleted (1/4-inch ) supplement containin g  ground corn , ground lime­
s t one , trace mineral s alt and vitamin A to provide 20 , 400 In ternat ional Unit s  
(IU) of  vitamin A per s teer per day . In the second replicat ion , the cattle 
re ce ive d  no s upplement but were allowed a free-choice mineral composed of  
ground limestone and trace mineral s alt with added vit amin A to provide 
34 , 000 IU pe r ounce . It was ass umed , bas ed on a previous experiment at this 
location , that the cattl e would cons ume ab out 1/ 3 of an oun ce of  mineral 
(8 grams ) for a daily intake of about 9 , 600 IU of vit amin A per steer daily . 
Results 
The res ults of the experiment are presented in tab le 1. 
Table 1 .  Convent ionally-Dried , Solar-Dried and Acid-Tre ated Corn 
for Finishing Steers (Hay 25  to Septe mbe r  8 ,  19 76--106 day s )  
Conven tionally­
dried corn 
Solar­
dried corn 
Acid-tre ated 
corn 
·���������������� 
No . animals 
Avg . initial wt . ,  lb . 
Avg . final wt . ,  lb . 
Avg . daily gain , lb . 
Avg .  daily feed , lb . 
Whole corn 
Chopped hay 
Mineral 
Tot al 
26 
776 
10 83 
2 . 90 
(as fed bas i s )  
19 . 31 
2 . 6 7 
0 . 02 7  
2 2 . 00 7  
Feed / 10 0  lb . gain , 
Whole corn 
Chopped hay 
Supplement 
Mineral 
lb . 
Total 
6 4 8  
92 
17 
1 
758  
a One s t eer died of  unknown causes . 
25a 
773  
10 7 1  
2 . 8 1  
19 . 5 2 
2 . 6 7 
0 . 0 85 
22 . 2 75 
6 7 7  
9 5  
18 
3 
793 
2 6  
7 7 6  
10 90 
2 .  96 
20 . 16 
2 . 6 7 
0 . 05 2  
2 2 . 882 
663 
90 
17 
2 
772  
Steer gains for  the three types of corn were es s entially the s ame with the 
gains o f  cattle fed s ol ar-dried corn being only s light ly lower than the other 
treatments . Cat tle fed s ol ar-dried corn and acid-treated corn consume d  more 
feed than cattle fed convent ionally-dried corn .  Di f ferences in feed required 
per unit of  gain were small with the lowes t  requiremen ts ob t ained with s t eers 
fed conven tionally-dried corn .  
The corn treated with propionic acid was at a lower moisture level than 
was des ired for this treatment . Therefore , the b enefit s  observed in feeding 
high-mois ture corn , either untreated or acid-treate d , whi ch o ft en res ult in 
improved feed e fficiency over dry corn were not observed in this experiment . 
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The weathe r at th is lo cation during the feeding period was extremely dry , 
res ulting in a natural de cline in mois ture con ten t of  the feeds fed . For 
examp le ,  the corn ( all treatmen ts ) checked in e arly August contained 7 to 8% 
moist ure . The who le corn appeared to be hard and tough and may have re sulted in 
reduced consump tion . However , corn consumpt ion was in the order o f  20 lb . per 
stee r .  A cons ide rab le quantity of  whole corn kernels were observed to pas s  
through the an imals . The gains were in the order of  3 lb . per s teer and this 
along with feed consump tion indicate s atis factory performance for yearl ing 
cattle . Feed requiremen ts o f  less than 8 lb . per pound o f  gain indicate 
e f ficien t  utilization of the whole corn . 
A feeding experiment with yearling beef s te ers was conducted to compare 
the value of conven tionally-dried corn , so lar-dried corn and acid-tre ated corn . 
Steer gains were about the s ame for the three types o f  corn with the gains o f  
cattle fed s olar-dried corn being only s light ly lower than the other treatmen ts . 
Dif ferences in feed consumpt ion and feed efficiency b etween corn storage treat­
ments we re relat ively small . 
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Effec ts of Method of Supplementing Vitamin A on 
Feedlo t Performance and Blood and Liver 
Vit amin A Levels in Feedlot Cattle 
R .  M .  Luther , L .  B .  Embry and J, F .  Giles 
A . S .  Series 76 -18 
Rations cons ist ing of  corn grain and limited hay appear to be s atis factory 
for fattening beef cattle from about 700 lb . to slaughter weights without 
additional protein s upplementation . The intake of carotene , a pre curs or of  
vitamin A ,  could be re latively low under thes e  conditions , and , there fore , a 
vit amin A s upplement would likely be needed . In a previous experiment ,  pro­
notmced s igns o f  vi tamin A de fic iency became evident after about 6 months in 
cattle fed corn grain with about 4 lb . of a low-carotene hay and no supp le­
men tal vitamin A. 
Methods o ther than through a daily s upplement may provide a more practi cal 
and e conomical means of adminis trat ion . Feeding vit amin A in a high potency 
supplement at 2- to 3-week intervals , in a free-choice mineral supplement or 
administering the vit amin as a large one-t ime inj ect ion offer certain conven­
ience and labor s aving advant ages t o  the catt le feede r .  
The ob j e ctive o f  this experiment was t o  s t udy the e ffects o f  me thod o f  
administering vit amin A on the performance of  feedlot cattle . The vit amin A 
st atus in t erms of  b lood plasma level and live r  s torage was determined along 
with weight gain and feed efficiency in a tri al conducted at the James Valley 
Research and Extens ion Cen ter near Redfiel d during the sunnner and fall of 1 9 7 5 .  
Procedure 
Sixty- five Here ford s t ee rs averaging 735 lb . were purchas ed through a 
livest ock auc tion for the experimen t .  The steers were from one ranch in 
cen tral South Dakota.  Wintering rations indicated lib eral intakes o f  vit amin A 
and carotene . Durin g  a 60 -day preliminary period prior to the start of  the 
trial , the cattle were fed whole oats or corn grain with ab out 2 lb . of low 
quali ty , legume-grass hay .  This low-carotene ration was expe cted to result in 
s ome depletion of initial body s t ores of vit amin A and caroten e . Following this 
preliminary period , the cattle were ear tagge d , weighed and allotted to  5 pens 
o f  1 3  s t eers e ach . The s t ee rs were implanted with 36 mg zeranol at the start of  
the trial . 
Experimen tal tre atments were as follows : 
1 .  Control--no vit amin A ,  mineral free ch oice 
2 .  Conventional--daily s upplement with vit amin A and mineral 
3 .  Intermittent--vitamin A s upplement top -dressed on the ration 
eve ry 2 weeks , mineral free choice 
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4 .  No supplement--vitamin A in mineral free choice 
5 .  No supplement--vitamin A inj ected at  start of trial, mineral 
free choice 
Each pen of cattle was given a full feed of whole shelled corn and 2 lb . 
of chopped average-to-poor quality alfalfa-bromegrass hay per head daily . The 
composition of the mineral mixtures and supplements with vitamin A is shown in 
table 1 .  The mineral mixtures were composed o f  ground limestone and trace 
mineral salt . The conventional supplement and the supplement fed intermittently 
were made into 1/4 inch pellets . The daily supplement (treatment 2 )  was fed 
at the rate of l lb . per steer daily . In the case of the top-dressed supple­
ment (treatment 3) , the cattle received the l lb . rate but with a level of 
vitamin A equal to 14 days of the daily feeding level at one time at the 
beginning of each 2-week period .  For the inj ected group, vitamin A was 
administered b y  intramuscular inj ection at the beginning of the feeding period 
in the amount of 3 million International Units (IU) . Free-choice mineral was 
placed in boxes equipped with a partial cover with vitamin A in the mix for 
treatment 4 .  
Table 1 .  Composition o f  Mineral and Supplement Mixtures 
-- ·-· - Free�clce mineral mixturea 
- ---· 
Without vitamin A With vitamin A ----·-------% 
Ground corn 
Ground limestone 
Trace mineral salt 
Vitamin A premixb 
74 . 43 
25 . 57 
% 
74 . 42 
24 . 47 
l .  l l  
Vitamin suE.E_lement_s��­
Conventional Intermittent 
% % 
86 . 65 97 . 90 
10 . 00 
3. 20 
0 . 15 2 . 10 
aFormula b ased on expected mineral consumption of 60 grams/head/day . 
bPremix contained 15,000 IU vitamin A palmitate/gram b y  analysis .  
Th e  cattle were weighed initially and after 18 hours without feed and 
water at the start of the 145-day trial. Final weights were taken at slaughter 
following a 4-hour transit period . Samples of the supplements and feeds were 
collected periodically during the trial and analyzed for carotene and vitamin A.  
Samples of  blood were taken initially (July 16) and at 93 days (October 17) 
from the j ugular vein. Blood and liver samples were collected when the cattle 
were slaughtered on Decemb er 9 (145 days) . Carotene and vitamin A analyses 
were performed on all samples . 
Average carotene content of the whole corn and feed supplements was 
0 . 66 mg/ pound . The poor-quality hay contained 0. 70 mg carotene per pound . 
Vitamin A analyses were performed on the primary premix, supplements and the 
mineral mix at the State Chemical Laboratory , Vermillion . 
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The vit amin A primary premix was manufac tured in 19 74 with a lis ted con­
cen trati on o f  30 , 000 IU per gram . Analys is of the product revealed a concen­
tration of ab out 15, 000 IU/g following s t orage under atmospheric condit ions 
for s li gh t ly more than 1 year . The analyzed concen trat ion was us ed in 
calculating vit amin A concentration in the free-choice mineral mix and the 
supplements . Samples of the primary premix , s upplements and the mineral mix 
taken later during the experiment indicated essentially no further los s  in 
vit amin A poten cy from the initial concentrations . Studies have indicated 
s ub s t an tial losses in vit amin A activity in primary premixes and mixed feeds 
following s eve ral months of s t orage . This would emphasize the impo rtan ce o f  
relatively fresh sources of  feeds o r  that level of  s upplemen tation may need 
to be incre as ed to take care of pos s ib le loss es in activity . 
Res ults 
Feedlot Performance 
Results o f  feedlot performance are presented in t ab le 2 .  One pen of 12 
steers is o f  limi ted value in evaluating e ffects of  the me thod of  vitamin A 
supplementation on weight gain and feed dat a .  Variation in weight gains o f  
cons iderab le magnitude may exi s t  between pens o f  this numb er when treated in 
the s ame manner .  Other res earch has shown that weight gains o f  cattle fed 
rations low in vitamin A and carotene are not af fe cted to any appre ciable 
extent un til b ody s t ores are essentially depleted and feed in take decreases . 
Steers fed the ration without s upplemental vit amin A gained at the 
lowes t  rate . They als o  had lower feed intake and thus the highes t  feed 
requiremen ts . 
Conside rab ly higher rates o f  gain and greater feed intake we re ob tained 
when the ration was supplemented with a daily leve l  of  ab out 10 , 20 0  IU of 
vit amin A in a feed s up plemen t .  Weight gains and fee d  consumpt ion would 
indi cate no prob lem from lack o f  vitamin A even though the leve l fed was only 
about one-hal f of the recommended level for growing and finishing stee rs within 
the we ight range in this experimen t .  
Cat tle s upplemented with vitamin A one time each 2 weeks , but at the s ame 
average daily leve l  as tho s e  s upp lemen ted daily , had a lower rate of  gain in 
comp arison to those s up plemented daily . Feed int ake was also lower resulting 
in h ighe r  feed requirements . 
Steers o f fe red vit amin A in the free-choice mineral s upp lement re ceived 
only a small amount of the vit amin ( average about 1 , 200 IU daily ) be cause o f  
the low mineral cons ump t ion . They gained a t  a lower rate than s teers supple­
mented d ai ly but more than s t eers s upplemen ted at 2-week in tervals . They also 
had a lower feed intake than steers supplemented daily . 
Steers inj e cted with 3 mil l ion IU o f  vitamin A at the beginning o f  the 
experimen t had s imil ar performance as thos e  s upplemented daily . This amount 
of inj e cted vitamin A was about twice the total units over the 145 days as for 
the daily s up plemented group . 
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Table 2 ,  Feedlot Performance and 11ethods of Vit amin A Supplementation 
(July 1 7  to December 8 ,  19 75-- 145 days ) 
Method o f  vit amin A supplementat ion 
Daily S upplement Fre e-choice Inj ection 
Control s upple- at 2-week in 3 million 
(None) ment intervals minerals IU 
--- - -----
No . s teers 1 3  1 2a 12a 12
a 1 3  
Avg .  initial wt . , lb . 7 35 7 39 738 7 38 734  
Avg . final wt . ,  lb . 1047 1 16 7  1099 1 1 2 7  1 15 1  
Avg . daily gain , lb • 2 . 1 6 2 . 95 2 . 49 2 . 6 8 2 . 88 
Avg . daily ration , lb . 
Whole corn 16 . 95 1 9 . 20 18 . 25 1 8 . 9 4  1 9  . 5 1  
Chopped hay 1 .  9 9  1 . 9 9 1 . 99 1 . 9 9 1 . 99 
Supp lement 0 . 9 9 3  0 . 0 76 
Minerals 0 . 0 36 0 . 006 0 . 02 8  0 . 0 16 0 . 00 2  
Tot al 18 . 9 76 2 2 . 1 89 20 . 344 20 . 946 2 1 .  502 
Feed / 100 lb . gain , lb . 
Whole corn 786 65 1 733  70 7 6 79 
Chopped hay 9 2  6 7  80 74 69 
S upplemen t 34 3 
Minerals 2 0 1 1 0 
Tot al 880 752 8 1 7  782 748 
Avg . daily carotene 12 . 6  14 . 7  1 3 . 5 1 3 . 9  1 4 . 3  
in take , mg 
a Los s es from experiment unrelated to dietary treatments .  
Blood and Liver Vitamin A and Caroten� 
Blood and liver vitamin A and carotene values for each treatment group 
are shown in t ab le 3 .  Initial carotene values in blood plasma ranged from 54 
to  78 mcg/ 100 millilite rs . At s ub sequent bleedings , the carotene content of  
the b lood was higher for e ach treatment group than that ob served at the init ial 
s ampl ing . The h ighest values for plasma carotene were obs erved at the last 
s ampling after 145 days on the low- carotene rat ions . 
The carotene content of  the rations (tab le 2 )  res ulted in an average 
daily in take of ab out 1 . 5  mg per 100 lb . o f  average body weight during the 
experiment . This level represen ts about 25% of the recommended level to mee t  
nee ds for vitamin A of  growing and finishing cattle . Carotene levels in the 
blood are affected by dietary intake and values cons iderab ly in exces s o f  those 
observed in this experiment are encoun tere d  with high-carotene rations . Liver 
carotene values ob t ained at slaughter would indicate low body s to re s . Initial 
live r s t orage was not determined , 
Ini tial plasma vit amin A ranged from ab out 2 8  to 39 mcg / 100 millilite rs . 
Values of  this magnitude are cons idered to repre s en t  adequate vit amin A 
nutrit ion . After 9 3  days , plasma vitamin A had dropped marked ly ( from 3 3  to  
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20 mcg/ 100 ml) in the con trol group and remained at this level during the 
remainder o f  the experimen t .  Wh ile a value of  20  mcg / 1 00 ml is not generally 
as s o ci ated with visible s igns of vit amin A de ficien cy , these cat tle had some­
what lower rates o f  gain and feed intake than thos e wh ich rece ived s upp lemental 
vit amin A. Live r vit amin A at slaughter for the control group indicates body 
storage was s everely depleted . 
A marked increase in plasma vit amin A values at 9 3  days res ulted from the 
daily s upplementat ion of ab out 10 , 2 00 IU . Values had decreased from the 9 3-day 
level after 145 days . The final plasma value and live r st orage at slaughter 
would indicate that this level of  vit amin A s upplementation plus the small 
amoun t of ration carotene were suffi cien t  to maintain adequate b lood levels and 
body s t ores o f  the vit amin unde r conditions of  the experiment .  However , such 
values do not represen t  maj or liver storage of the vit amin . 
Sup plementing vitamin A at 2-week intervals in amoun ts to equal the s ame 
ave rage daily level as daily s upplemen tation gave s imi lar results as measured 
by plasma levels and liver st ores . Thus , blood and liver data indicated no 
app re ciable difference between the two methods even though weight gains were 
lower for the cat tle s upplemen ted at 2-week intervals . 
The low intake o f  the free-cho ice mineral s upplement resulted in a low 
leve l of  vit amin A s upplement at ion (about 1 , 200 IU daily ) . Wh ile the plasma 
vit amin A leve l  at 9 3  days was fairly h igh , there was a marked reduction af ter 
145 days . This reduc tion alon g  with the lower l iver value in comparis on to 
those for other vitamin A supp lemented groups indicated the cat t le were not 
rece iving adequate amounts of  vit amin A to main tain proper leve ls in the blood 
and body stores . Variab le vol untary in take of free-acces s minerals would appear 
to be a serious dis advant age t o  this method of vit amin A supplementation . 
Inj ec tion of  vit amin A appeared to  be an effective way of providing 
vit amin A. There was no maj or d i fference b etween this method and the daily 
s upplemen tation as me asured by blood val ue s . However , the inj ected level was 
about twice the tot al level supplemen ted daily over the 145-day experimen t .  
The h igher inj ected level did res ult in larger liver s t ores at the end o f  the 
experimen t ,  
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Table 3 .  Blood Plasma and Liver Concentrations of Carotene and Vit amin A 
-----
Daily Supplemen t  Free-choice Inj ection 
Control s upple- at 2-week in 3 million 
Item (None ) ment intervals minerals IU 
Blood carotene , mcg/ 100 ml 
July 1 6 , 1 9 75--initiala 54 . 15 5 7 . 00 6 2 . 5 8 6 4 . 00 7 7 . 69 
October 1 7 ,  1 9 75-- 87 . 3 1 1 20 . 9 2 1 15 . 42 1 36 . 4 2  1 19 . 08 
9 3  days 
Decemb e r  9 ,  1 9 75-- 1 1 2 .  3 1  146 . 58 1 1 3 . 83 1 23 . 50 145 . 23 
145 days 
Blood vit amin A, mcg / 100 ml 
July 1 6 ,  19 75--init ial 3 3 . 2 8  2 7 . 78 2 8 . 06 30 . 26 39 . 2 8 
Oct ob er 1 7 , 1 9 75-- 20 . 38 4 7 . 89 44 . 9 8 46 . 0 2  59 . 08 
9 3  days6 
December 9 ,  19 75-- 20 . 90 35 . 12 36 . 12 25 . 7 8 39 . 80 
1 45 daysb 
Liver carotene , mcg/gcb 2 . 39 2 . 48 2 . 10 3 . 02 2 . 8 1 Live r  vit amin A ,  mcg/ g  , c 0 . 78 3 . 43 4 . 6 7 1 .  7 1  5 . 63 
aSignifican t di fference be tween t reatments (P< . 05 ) . 
b Signi fic an t  diffe rence b e tween t reatments (P< . 0 1 ) . 
cCollected at s laughter . 
Summary 
Yearling s t eers we re fed a low-carotene ration during a 60-day p reliminary 
period and a 1 45-day f in ishing experiment to compare methods o f  vitamin A 
s upplementation . The experimental rat ion consisted o f  whole corn grain and 
2 lb . pe r head daily of a low-carotene h ay . The ration furnished an average 
o f  about 1 . 5  mg o f  carotene per 100 lb . of body weight during the experiment . 
This level o f  caro tene was not s uf fi cien t  to s upport adequate vitamin A 
nutri tion as indicated by lower weight gains , less feed consumption and the 
plasma and liver vitamin A values at the end o f  the experimen t  in the group 
receiving no vitamin A .  
Supplementing the ration with a daily level o f  10 , 200 I U  o f  vitamin A or 
an equivalen t total amount but at 2-week intervals gave s imilar res ults as 
meas ured by plasma and liver vitamin A values . This leve l  of vitamin A plus 
the small amount of ration carot ene appe ared to result in adequate plasma and 
live r  vit amin A values under conditions o f  the experiment but without maj o r  
liver s t o res . 
Vollmtary in take o f  a free-choice mineral s upplement was quite low an d  
cattle s upplemented i n  this way received a low level o f  the vitamin . Blood 
and liver values at the end of the experimen t  indicated the method was uns atis­
factory in comparis on to o ther methods of  s upplemen tation .  Variab le voluntary 
int ake o f  free-choice minerals would appear to be a s erious dis advantage for 
this method o f  vitamin A s upplementation . 
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Inj ection of 3 million IU o f  vitamin A at the beginning of the experiment 
maintained s imilar blood levels of the vitamin as daily s upplementation even 
though the inj ected level provided about twice as much of the vit amin ove r the 
experimen t . The higher level of vitamin A by inj ection did result in large r 
liver s t orage . 
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Aspen Material as  a Feed Ingredient in Ruminant Rat ions 
L .  D .  Kams tra , M .  S ingh , L .  B .  Emb ry and L .  Peterson 
Introduction 
Asp en (Populus tremuloides ) ,  covering in excess o f  5 8 , 000 acres in the 
Black Hills area and over 3 million acres in the Upper Great Lakes area , has 
not been harves ted in s uff ici ent amounts to  perpetuate growth . Periodic 
harves ting is not only necess ary to as sure an aspen s t and b ut younger trees 
are needed as a source of food for grous e ,  deer and other wildlife . Although 
aspen serves as a source of fiber for paper ,  lumber , insulation and o ther 
indus trial uses , it is pres ently not used for these purposes in the Black Hills 
region . In all regions where aspen grows whether or not it has other uses , 
s ubs tantial s tands have reached maturity ( 60 to 70 years old) and will die 
wi thout product ion of  replacement trees if harves ting programs are not 
initiated . South Dakot a  Dep artment of  Game , Fish and Parks is b eginning such 
a program . In 1974  they were faced wi th the prob lem o f  utili zation o f  
harves ted asp en t rees . The purpose of  this s tudy was t o  det ermine the level 
at whi ch the harves ted aspen mat erial could b e  fed to ruminants if corrected 
for known nut rient deficiencies s uch as pro tein and vitamin A .  Of  the hard­
woods , aspen wood appears to have potent ial as a ruminant feed b ecause of its 
low ligni ficat ion (encrus tation o f  fib ers ) and lack of  known toxic cons t ituents . 
Materials and Methods 
Approximately five acres of mature aspen were harves t ed near S turgis , 
South Dakota , by the Dep artment o f  Game , Fish and Parks consistent wi th 
accepted habi tat improvement methods . The ent ire t ree , including all b ranches , 
leaves and b ark , was fed into a chipp ing devi ce and b lown into trucks for 
transport ing to  a drying bin near Egan , S outh Dako t a .  The dried chips were 
hammer-mi lled and direct ly incorporated into a comp lete pelleted ration . A 
ration containing 9 3% alfalfa s erved as the control . Five other rat ions were 
formulated using increasing levels o f  aspen at l� , 24 , 32 and 48% o f  the total 
rati on wi th the 4 8% level also being fed wi th 4% sodium hydroxide . S oyb ean 
meal (44% protein) was included in rations which contained aspen in a rat io o f  
40% soybean meal t o  60% aspen . Thi s  rat io o f  soyb ean meal and as pen was used 
so  that a soyb ean-aspen mix would approximate the alfalfa used as the contro l .  
The alfalfa used in this experiment contained 15% protein and the aspen material 
about 1% prot ein . Aspen material and soyb ean meal combinat ions then were used 
to replace 20 , 40 , 60 and 80% of  the alfal fa in the control ration . All rat ions 
contained dried molas s es , trace mineral s alt , dicalcium phosphate and vitamin A .  
Four perc ent sodium hydroxide was added to one 4 8 %  aspen ration as a de ligni­
fying agent for aspen material . The ingredient composition is shown in t ab le 1 .  
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Table 1 .  Rat ion Compos i tion , � k 
4 8% aspen 
1 2 %  2 4 %  36% 4 8% 4% sod ium 
Ingredients Control aspen aspen aspen aspen hydroxide 
Alfal fa 9 3  7 3  53  33 1 3  1 3  
Soybean meal 8 1 6  2 4  32 32 
Aspen material 12 24 36 48 4 8  
Molas s es 5 5 5 5 5 5 
Trace mineral 1 1 1 1 1 1 
Dicalcium phosphate 1 1 1 1 1 1 
Vi tamin Aa 
Estimated crude prot ein 1 4 . 88 1 5 . 20 1 5 . 52 1 5 . 84 1 6 . 1 6 1 6 . 1 6 
a 2 , 000 IU vit amin A per kg o f  rat ion . 
Sixty Hereford s teers weighing app roximately 7 2 5  lb . were randomly 
allotted into 1 2  pens of 5 animals each . Each o f  the 6 rat ions was fed to 2 
pens or 10 animals for a period of  9 3  days . All rat ions were fed as a complete 
p elleted ration on an ad l ibi tum basis . Prior to the trial , animals were 
res tricted to a rat ion-Of medium to poor quality mixed hay wi th no s upplementa­
tion for a 3-week period . Animals were allowed approximat ely a 2 -week period 
to reach full f eed once the trial b egan . Animals were gaining about 0 . 5  lb . 
per day at this t ime . All experimental rat ions were well ac cepted and no 
intake prob lems were noted . S ome difficulty was experienced in get ting 
animals on full feed in one pen ( 5 animals ) wi th the pelleted alfalfa control 
rati ons . Animals were off feed for a period of 2 days . Animals on all rat ions 
were fed an init ial feed of 10 lb . per day and were increased by 10 lb . incre­
ments each day unt il full feed was achieved . Animals were weighed initially 
and at 32 , 5 7  and 9 3  days . Ini tial and final shrunk weigh ts were also ob tained . 
The amount o f  aspen availab le was sufficient t o  feed the s t eers for a 
period of  9 3  days . At this time , two s teers from each pen (4 per treatment) 
were slau ghtered for c arcass data and t as t e  panel evaluation o f  the meat . 
One s teer from each pen (2 per treatment group) was used to conduct digest ion 
and balance s tudies with the feedlot rat ions . The remaining 12 s teers then 
were offered a high-concentrate finishing rat ion to determine e ffects o f  the 
previous experimental rat ions on later performan ce wh en fed typi cal high­
concentrat e finishing rat ions . 
Results and Dis cussion 
Growing and Finishing--Aspen Wood Phase 
Feedlot Performance . Res ults o f  the 9 3- day feeding trial are shown in 
t able 2 .  Differences b etween final filled and shrunk weigh t s  show a large 
amount of shrink ( 3 8  to 4 8  lb . per head) b ut with no apparent t rend related 
to rat ion differences . Steers fed the control pelleted rat ion made a rather 
low rate of gain during the fi rs t  32 days of the experiment . Increasing 
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leve ls of aspen with the soyb ean meal resulted in improvements in weight gains 
up to the level of 32% aspen and 24% soyb ean meal . The alfalfa in all rations 
was prep ared from previous ly pelleted alfalfa and reground to prep are complete 
pelleted feed in each treatment . The alfalfa , having b een ground twi ce in 
ration preparation , was quite fine and may have contrib uted to  unusually low 
weight gains for the high alfalfa control during the firs t 32 days . The 
coarser asp en rat ions appeared to  assist  in gett ing animals to ful l feed 
sooner . Af ter the firs t month weight gains were imp roved for the alfalfa 
control gr oup . The average gain of  1 . 87 lb . daily for the remainder o f  the 
9 3-day experiment more nearly represents expected gains from feeding pelleted 
alfal fa to  cattle of the weight used in the experiment . In contras t to  the 
increas ed weight gain for the al falfa control group , s teers in all groups fed 
soyb ean meal and aspen rep lacing various amounts of the alfalfa showed lower 
weight gains after the firs t month as the animals b ecame heavier .  Weigh t gains 
at 9 3  days would be influenced by differences res ulting during any previous 
weigh t perio d .  
Tab le 2 .  Feedlot Performance as Af fected by Aspen Content o f  Diets 
T reatments 
48% aspen 
12% 24% 36 % 48% 4% sodium 
Item Control aspen aspen aspen aspen hydroxide 
Numb er o f  animals 1 0  1 0  10 10 10 10 
Numb er of days fed 9 3  9 3  9 3  9 3  9 3  9 3  
Avg . initial filled wt . ,  lb . 728  728  723  726  7 2 5  726  
Avg . final filled wt . , lb . 8 7 3  9 34 9 80 989 978 9 70 
Avg . ini tial sh runk wt . ,  lb . 70 8 705 702 702 704 70 4 
Avg . final shrunk wt . ,  lb . 826 89 3 9 3 7  9 5 1  9 30 9 3 1  
Avg . daily gain , lb . 
32 days ( filled) 0 . 9 4  1 . 4 8  3 . 1 6 3 . 5 6 3 . 2 7 3 . 6 3 
5 7  days ( filled) 1 . 69 2 . 90 3 . 5 2 3 . 32 3 . 1 7  3 . 16 
9 3  days ( filled) 1 . 5 5 2 . 2 3  2 .  7 7  2 . 83 2 .  72 2 . 6 2  
9 3 days ( shrunk) 1 .  26 2 . 0 2  2 . 5 3 2 . 6 8 2 . 42 2 . 44 
Avg . daily rat ion , lb . 
32 days ( cons ump tion) 1 6 . 49 1 9 . 0 3  2 3 . 75 24 . 42 2 3 . 25 2 3 .  7 1  
5 7  days 2 1 .  38 24 . 46 28 . 56 29 . 40 2 6 . 14 2 7 . 42 
9 3  days 2 4 . 6 8 2 7 . 7 4  3 0  . 3 3 30 . 86 2 7 . 8 1 2 9 . 09 
Feed/lb . gain , lb . 
32 days 20 . 3 1 1 3 . 54 7 . 5 3 6 . 88 7 . 12 6 . 5 8  
5 7  days 1 5 . 6 3 10 . 2 6  8 . 08 9 . 04 8 . 3 1 9 . 5 9  
9 3  days ( f illed) 15 . 9 3  1 2 . 49 1 0 . 9 5 10 . 95 1') .  25 1 1 . 12 
9 3  days ( shrunk) 19 . 50 1 3 . 80 1 2 . 0 7  1 1 . 6 6 1 1 . 56 1 2 . 0 3 
C arcass Dat a .  Carcass data for the 24 animals s laughtered after the 
9 3-day growing period are shown in t ab le 3 .  Usually animals o f  this weight 
class would not be desirab le for s laugh ter . However , it  seemed appropriate to 
ob tain experimental data from each feeding phas e .  The animals did not have 
sufficient finish or marb ling to receive high marb ling s cores or carcass grades 
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as animals on finishing rat ions . Animals were graded from s tandard to good . 
No obj ectionable flavor was noted with any o f  the animals , howeve r ,  and all 
animals re ceived an acceptab le t as te panel evaluation s core . 
Table 3 .  Carcas s Characteris t ics and Tas te Panel Evaluat ion 
as Affected by Aspen Content o f  Diets 
48% aspen 
12% 24% 36% 48% 4% sodium 
Item Control aspen aspen aspen aspen hydroxide 
Hot carcas s  wt . ,  lb . 489 . 0  5 46 . 3  5 6 1 . 3  5 7 9 . 0  583 . 0  5 48 . 3  
Dressing % 54 . 24 56 . 79 5 6 . 4 7 5 6 . 9 1  56 . 1 1 5 5 . 69 
Federal carcass grade s tandard s tandard+ good- good standard+ s tandard+ 
Marbling s core 2 . 8  3 . 0  3 . 8  3 . 8  3 . 3  3 . 3  
Abs cessed livers 2 1 Rib eye area , cm 69 . 4 8  79 . 4 2  7 6 . 66 7 3 . 1 3  7 7 . 6 3 76 . 48 
Confirmat ion 1 7 .  8 1 9 . 0  19 . 3  19  . 5  19 . 0  1 9 . 3  
Maturity 2 3 . 0  2 3 . 0  2 3 . 0  2 3 . 0  2 3 . 0  2 3 . 0  
Color 3 . 5  3 . 8  5 . 3  5 . 0 3 . 8  4 . 8  
Firmness 5 . 0 4 . 8  5 . 8 5 . 5  5 . 3  5 . 3  
Kidney f at , "I 1 .  9 1 . 8  2 . 9  2 . 2  1 .  9 2 . 1  10 
Tas te panel evaluat ion a 
Tendernes s  3 . 82 3 . 48 3 . 2 3 4 . 0 3  3 . 0 3 2 . 80 
Flavor 3 . 4 3  3 . 25 3 . 1 3 3 . 4 3 3 . 1 8 3 . 00 
Jui ciness 3 . 90 3 . 80 3 . 53 3 . 9 8 3 . 58 3 . 10 
aS cored on a s cale of 1 to 5 wi th lower values b eing more desirab le .  
Finishing Phas e--Standard Rations 
Feedlot performance for 24 of the animals that were cont inued on a 
finishing rat ion ( 85 %  corn , 15% mixed alfalfa-brome) is shown in t able 4 .  
Animals fed the cont rol rati on were l ighter than animals provided all o ther 
rati ons at the beginning o f  this perio d  b ecause of lower gains during the 
growing phas e .  Control animals appeared to compensate by making s omewhat 
better gains during the 85-day finishing phase but were still lighter in 
weight at the t erminat ion of the t rial than animals on the other treatments . 
Carcas s charact eris tics and grade did not app ear to  b e  greatly influenced 
by previous rations (tab le 5) . 
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Tab le 4 .  Feedlot Performance with Standard Finishing Diets 
Previous t reatments 
48% asp en 
12% 24% 36% 48% 4% sodium 
Item 
--
Control aspen aspen aspen aspen hydroxide 
Numb er o f  animals 4 4 4 4 4 4 
Number o f  days fed 8 5  85 85 85 85 85 
Avg . init ial f illed wt . , lb . 8 4 7 . 5  877 . 5 9 64 . 8  9 4 6 . 0  9 18 . 7  848 . 5  
Avg . f inal fil led wt . , lb . 1096 . 5  1 1 24 . 8 1 159 . 5 1 1 6 1 . 5  1 1 69 . o  1 16 4 .  5 
Avg . init ial shrunk wt . ,  lb . 79 1 . 0  837 . 5  9 27 . 3  9 12 . 3  8 7 3 . 0  909 . 0  
· Avg . final sh runk wt . , lb . 106 4 . 5  1 100 . o  1 1 39 . 8  1 12 8  . 3  1 1 35  . o  1 1 30 . 5  
Avg . daily gain , lb . 
33 days ( f i lled) 4 . 0 2  3 . 70 1 . 84 2 . 6 7 2 . 86 3 . 0 2  
6 1  days ( filled) 3 . 0 3  3 . 1 7 2 . 5 5 2 . 6 2 3 . 0 2  2 . 86 
85 days ( fi lled) 2 . 9 3  2 . 9 1  2 . 29 2 . 54 2 . 9 5 2 . 54 
85 days ( shrunk) 3 . 22 3 . 09 2 . 50 2 . 54 3 . 0 8  2 . 6 1  
Avg . daily rat ion , lb . 
3 3  days (consump tion) 2 2 . 1 6  2 1 . 37 2 3 . 29 2 2 . 72 22 . 0 1  2 3 . 94 
6 1  days 2 4 . 65 2 3 . 89 2 3 . 99 2 5 . 20 24 . 09 24 . 10 
85 days 2 5 . 4 1  24 . 7 7  2 5 . 1 6 2 6 . 2 3  2 6 . 39 25 . 1 5 
Feed/lb . gain , lb . 
3 3  days 5 . 50 5 . 78 1 2 . 65 8 . 52 7 . 70 7 . 9 2  
6 1  days 8 . 1 3 7 . 53 9 . 39 9 . 62 7 . 99 8 . 44 
8 5  days ( filled) 8 . 5 7 8 . 5 1 10 . 98 10 . 35 8 . 9 6 9 . 89 
85 days ( sh runk) 7 . 86 8 . 0 8  1 0  . 14 10 . 39 8 . 62 9 . 72 
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Table 5 .  Carcass Characteris tics and Tas te Panel Evaluat ion 
wi th Standard Finishing Diets 
Previous treatments 
4 8% aspen 
12�� 24% 3 6% 48% 4% s odium 
Item Control aspen aspen aspen aspen hydroxide 
Hot carcass wt . , lb . 6 23 . 3  659 . 8  69 7 . o  692 . 3  683 . 3 6 8 1 . 0  a 58 . 59 59 . 9 7  6 1 . 14 6 1 .  4 1  60 . 20 60 . 24 Dressing % 
Federal carcas s  grade choice- cho ice- choi ce- choice- choice- choice-
Marb ling s core 4 . 9 5 . 1  6 . 3 5 . 5  6 . 2 4 . 6  
Abs cessed l ivers 2 Rib eye area , cm 6 2 . 89 65 . 63 7 2  . 15 72 . 55 7 3 . 83 72 . 20 
Confirmat ion 20 . 0  20 . 5  20 . 8  20 . 5  2 1 . 0 20 . 3  
Maturity 2 3 . 0  2 3 . 0 2 3 . 0  2 3 . 0  2 3 . 0  2 3 . 0  
Color 5 . 0 5 . 0 5 . 0  5 . 0 5 . 0  5 . 0  
Firmness 5 . 8  4 . 8 5 . 8  5 . 5  5 . 0  5 . 3  
Kidney fat , % b 2 . 0  2 . 5  2 . 5  2 . 4  2 . 3  2 . 3  Tas te panel evaluat ion 
Tenderness 3 . 4 2 . 8  3 . 4  3 . 2  
Flavor 2 . 5 2 . 4  2 . 6  2 . 6  
Juiciness 3 . 45 3 . 20 3 . 40 3 . 35 
:Uetermined on b asis o f  hot carcass weigh t .  
Scored on a s cale o f  1 t o  5 wi th lower values being more desi rab le .  
Diges tion and Met ab olism Trial 
Twelve of the animals (two from each t reatment ) were used in the diges tion 
and metabolism trial . The SUI!llllary o f  the results app ears in t ab le 6 .  Rat ions 
having higher apparent digestib i li ty for the various nutrient components were 
also those whi ch were associated wi th higher gains and feed e fficiency . In 
general , s oyb ean-aspen rat ions in thi s  ratio were more digestib le . This was 
indicat ed wi th all nutrients except ether extract whi ch is a minor component 
in these rations . 
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Table 6 .  Diges tion and Me tab olism Trial on Aspen Wood Rat ions--Dry Mat ter Intake , 
Diges tib i lity Coe fficient s and Mineral Balance 
48% aspen 
12% 24% 36% 48% 4% s odium 
Item C ontrol aspen aspen aspen aspen hydroxide 
Dry mat ter intake / 100 kg b o dy 2 . 19 2 . 25 2 . 1 1 2 . 20 1 . 86 2 . 30 
wt . ,  kg 
Apparent digestibility , % 
Dry mat ter 5 1 . 5 1 5 1 . 15  54 . 46 59 . 4 5  6 2 . 85 5 7 . 06 
N . F . E .  5 9 . 86 6 3 . 28 5 9 . 8 1 6 7 . 23 6 8 . 9 3  6 1 . 94 
� Crude protein 4 6 . 7 1  5 5 . 1 3  6 3 . 64 70 . 73 7 6 . 64 6 8 . 6 3  0 
Crude fiber 34 . 2 7 34 . 70 4 3 . 5 7 4 3 .  70 50 . 40 44 . 24 ....... 
Ether extract 84 . 4 3  88 . 04 8 7 . 4 1  73 . 6 1  7 4 . 45 6 9 . 72 
TDN , % 49 . 59 5 3 . 12  5 5 . 49 59 . 46 6 3 . 4 1  5 4 . 9 6 
D . E . , Meal/day 1 4 . 80 1 8 . 1 6  1 8 . 38 22 . 4 2 20 . 2 3 2 1 . 19  
Nitrogen b alance 
Total intake , g/day 1 1 1 . 0  148 . 1 1 5 1 . 2  196 . 0  166 . 9  1 9 6 . 1 
Retention 
Grams /day 5 1 . 4  80 . 2  9 4 . 8  136 . 5  126 . 4  1 32 . 4  
Percent o f  intake 46 . 3  54 . 2  6 2 . 7  69 . 6  75 . 7  6 7 . 5 
Mineral b alance , g/day 
Calcium 24 . 10 18 . 0 2 1 7 . 48 22 . 6 2 2 5 . 38 1 3 . 20 
Phosphorus 9 . 9 3 6 . 78 0 . 5 3  4 . 1 3 9 . 1 5 3 . 7 1  
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The reliability of  using only two animals from each treatment for the 
diges tion and metab ol ism trial could be questioned. When used in conj unction 
wi th the feedlot performance , i t  can b e  us ed as subs tantiating data to 
indi cat e trends whi ch might be expe cted . 
Economi c Considerat ions 
Cos t  of Aspen Material , Processing and Rat ion Preparation . A thorough 
cos t analysis is difficult .during initial phas es o f  feas ib ility studies . Three 
cos t analys es were made , however ,  during thi s  first experimental trial in aspen 
utili zat ion t o  determine the cos t o f  harves t ing and preparat ion of whole aspen 
t ree mat erial into a feed . The firs t cos t  analysis was made by the Department 
o f  Game , Fish and P arks in 1 9 75 (tab le 7 ) . 
Braden Fores try Services Incorporated , Deadwood , South Dakota ,  was con­
t racted to make a more extensive cos t analysis of processing aspen material 
prior to its incorporat ion into animal rat ions . Although the entire cos t 
analysis is t oo voluminous to  include in this report , the essential cos ts per 
unit of  production for a s imulat ed model operat ion in the Black Hills are 
es timated in t able 8 ,  
Total Tree Incorporated , Burnsville , Minnes ot a , also made a cos t analysis 
of  process ing aspen prior to rat ion p reparation , This cos t  analysis is bas ed 
on actual commercial production o f  aspen in volumes of 800 t ons of  aspen 
daily . Note that the analysi s  does not include grinding or drying o f  aspen , 
only product ion o f  wet chips loade d into 2 2 . 5  ton vans . 
The cos t analysis of  product ion o f  wet chips in Minnesota was made on 
Augus t 1 9 , 1 9 76 , and thus should s till reflect near present-day cos t s . I f  a 
drying and grinding charge of approximately $ 10 was added to  wet chip pro duc­
tion cos ts , prepared aspen for rat ion forumulat ion should cos t  on a commercial 
basis approximately $ 1 8 . 50 per ton . Both cos t  analyses made for the Black Hills 
area estimated the cos t of processed aspen to be from $ 35 to  $42 per ton . 
The e conomi c analysis of  cos ts during experimental development o f  a 
feeding program are probab ly not realis tic since the main obj ec t ive is to  
determine feasib ility in init ial t rials rather than the mos t  e conomical method. 
This is shown by the comparison b etween experimental cos t s  o f  harves t ing as pen 
in the Black Hills versus the suggested commercial cos ts indicated by a com­
mercial company (Total Tree Inc . ) . 
When ration preparat ion from the p ro cessed aspen product is considered , 
the same thinking prevails . The amount o f  s oybean meal needed to completely 
replace al fal fa would usually be t o o  cos tly under usual price relat ionships 
b etween soyb ean meal and hay . In order for s uch a product to compete on the 
b asis o f  cos t ,  i t  would require a cheaper source of  p rotein and energy than 
s oybean meal . Thi s  does not defeat the obj ective of  the feasib i li ty s tudy-­
to show whether or not it is poss ib le to produce a product whi ch would 
have similar animal utilizat ion t o  alfalfa if made equal in bas i c  nutrients .  
Other avenues for uses also become apparent , such as using a product whi ch is 
well accepted by animals but lacks protein or other nutrients to  dilute a 
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Table 7 .  Comparative Cost Data, 19 75 Aspen Feeding Trial 
Cost Eer ton in dollars 
Cost/ton Cost/lb . 1 2% 24% 36% 48% 
Cost item in dollars in cents Control level level level level 
Harvesting and chippi ng 20 . 50 0 . 0 1  0 2 . 40 4 . 80 7 . 20 9 . 60 
Drying 1 8 . 6() 0 . 009 0 2 . 16 4 . 32 6 . 48 8 . 64 
Grinding 1 . 90 0 . 00 9  0 0 . 22 0 . 44 0 . 66 0 . 88 
Subtotal 
( 1 )  Cost of aspen portion 4 1 . 00 0 . 0 20 5  0 4 . 78 9 . 5 6  14 . 34 19  . 12 
.,.. of the ration 
N 
( 2 )  Pelletizing and bagging 18 . 00 0 . 009 1 8 . 00 1 8 . 00 1 8 . 00 1 8 . 00 1 8 . 00 \0 
( 3) Cost of the additive 9 7 .  7 5  9 6 . 75 8 9 . 00 8 1 . 70 7 5 . 20 
portion of ration 
Total ration cost 1 1 5 .  75 1 19 . 5 3  1 1 6 . 56 1 14 .  04 1 12 .  32 
( sum of items 1-3) 
Ration cost/lb . 0 . 58 0 . 060 0 . 05 8  0 . 05 7  0 . 056  
Ration cost/lb . of gain 1 . 1 3 0 . 83 o .  70 0 . 66 0 . 65 
( shrunk wt . )  
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Table 8 .  Unit Product ion Cos ts fo r Model Operation 
Dollars per ton 
Item dried chips 
1 .  Timb er purchas e and acquisitions , including road 
b uilding and maintenance 
2 .  Falling and bunching of trees 
3 .  Transportat ion of rough logs to central chipp ing 
and drying plant 
4 .  Chipping process (including handling of chips to 
drying process ) 
5. Drying process (including handling of  chips t o  
s torage area o r  loading f o r  dis tribution to 
pelleting plant ) 
6 .  Busines s adminis trat ion , overhead and pro fi t  margin 
(Profit margin computed here in 12% return on inves tment 
of capital , equipment , lab or and management ) 
Total unit product ion cos ts 
1 . 7 3 
9 . 70 
6 . 9 3  
7 . 36 
4 . 50 
5 . 29 
$35.5 1 
Note : Amortization and dep reciat ion of  capi tal equipment are included 
wi thin the cos t figure for each operat ional phas e .  
traditional feed whi ch pos s es s es a s urplus o f  nutrients for a certain feeding 
program .  For example , i t  may b e  desirab le t o  dilute corn si lage for b reeding 
animals b eing wintered to prevent excessive finish while saving on feed cos t s . 
Summary and Conclusions 
Aspen wood mat erial and s oyb ean meal in a ration of a 60 : 40 rat io res ulted 
in faster rates of  gain through 93 days . These ratios resul t in a final product 
comp arab le to good quality al falfa . The percent age o f  soybean meal contributes 
s ubs tantially to the energy as well as the protein of the mixture . The mixture 
ratio appears t o  be equivalent in energy t o  the contro l  rat ion as determined by 
the diges t ion t rial . The results show , in general , that soyb ean and aspen 
mixtures were a s atis factory s ub s t itut ion for up to  80% of the alfalfa in the 
control ration . 
Aspen s te aks , from both the growing and finishing phas e , were rated quite 
similar by the t as te panel , b oth b eing accep tab le wi th no off-flavor noted . 
Fat dep os i t ion in the animals whi ch comp leted the f inishing phase appeared 
somewhat abnormal . Fat was deposited in layers--rather than the usual expected 
marb ling pat terns . This could have b een caused by the high wei gh t  o f  s ome of  
the animals prior to  the finishing phas e . 
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The e conomic importance o f  utilizing aspen wil l  depend on several fact ors , 
s uch as the market price o f  t raditional feeds , the cos t o f  harves t ing and 
transporting asp en from its s ource and cheaper ways t o  supplement the aspen 
mat erial t o  corre ct nutritional deficiencies . 
Addi tional experiments are now in progress in whi ch aspen serves as the 
roughage portion o f  f inishing rat ions . An at tempt is also being made to us e 
forms o f  nit rogen other than s oybe an meal t o  decrease cos t .  Chicken manure 
as a source o f  s upplemental prot ein is pres ently b eing inve s t igated . 
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Effects of Monensin on Dietary Protein Needs and Nonprotein 
Nitrogen Uti lization by Growing Feedlot Cattle 
R. N .  Gates and L .  B .  Emb ry 
Monensin has been shown to improve feed conversion by cat tle when fed 
with a numb er of different feedstuf fs in various types of rat ions . The 
res ulting changes in rumen fermentation would s ugges t that the product migh t 
have a protein sparing effect and could improve the utilization of  nonpro tein 
nitrogen compounds s uch as urea . 
The obj ectives of this experiment were to  s tudy the possib le protein 
sparing effects of monens in in a growing ration composed primarily of corn 
s i lage and to determine its effects on the utilizat ion of urea . 
Procedures 
One hundred ninety-two Hereford s teer calves were purchased at a local 
auction for this experiment . Aft er arrival at the feedlot , all animals were 
fed corn silage to appetite and a corn s upplement with added minerals and 
vitamin A for 6 to 7 weeks before the trial was begun . No supplemental protein 
was fed before the experiment was initiated . All s teers were treated with a 
pour-on grubicide and implanted wi th Synovex-S near the beginning of  the 
experiment . 
Following adaptat i on, to  feedlot conditions , the s teers were wei ghed in 
early morning before feeding for an init ial filled weight and again following 
an overnigh t s t and wi thout access to feed and water for an ini tial shrunk 
weigh t . The average init ial shrunk weight was 495  pounds .  Allotment b ased 
on shrunk weights was made at random within weight groups o f  24 pens o f  8 h ead 
each . Intermediate weigh ts were taken at 2 1  days and every 4 weeks thereafter . 
Filled and shrunk weights were ob tained in the s ame manner as initially at the 
termination o f  the 1 1 6-day growing experiment . 
The s teers were confined t o  outside , c oncrete-paved pens wi th water 
availab le from automatic waterers . They were fed corn silage and a top­
dressed grain-supplement mixture . 
The corn s ilage contained an average dry matter content o f  32 . 8% and 10 . 4% 
protein , dry basis . Grain yield of  the corn was low because of  drought 
conditi ons during the crop year . The amount o f  grain in the si lage determined 
by s eparating s amples at harvest into chopped forage and grain was 24% o f  the 
dry weigh t . 
In order to  have rations more typ ic al o f  s ilage from well-eared corn , the 
grain-supplement mixtures were fed in ratios 'vi.th the s ilage to give silage 
with grain an equivalent of  50% of the dry matter.  Thi s  amounted to a 34% 
grain-supplement mixture and 66% silage on a dry b as is . As fed , the grain­
s upplement mixtures comprised 1 8% of the rations and corn silage the remaining 
82% . 
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Three grain-supplement mixtures as follows were fed wit h  corn silage : 
1 .  Corn cont rol 
2 .  Com-soybean meal 
3 .  Com-urea 
Each grain-supplement mixture was fed with and wit hout monensin to give six 
dietary t reatments .  Four pens each wit h  8 steers were fed each of t he six 
rations . 
The control grain-supplement mixture was composed of rolled corn grain 
wit h  added ingredient s  t o  provide rations adequate in salt , calcium, phospho­
rus , trace minerals and vitamin A .  S oyb ean meal or urea was included in the 
other grain supplements t o  test t he need for supplemental protein and t o  
compare t he two sources in rations wit h  and wit hout monensin . Some adj ustments 
were made in ingredient s  to provide rations similar in calcium , phosphorus and 
trace mineral contents.  The monensin was added at 1 0  g/ton of air dry ration 
for t he first 2 1  days and at 30 g / t on t hereafter . Ingredient composition of 
t he grain-supplement mixtures is shown in table 1 .  
Results 
Feedlot performance is presented in tab le 2 .  The data are presented 
accumulated to date by weigh periods to show the effects of various treatments 
during t he course of t he experiment . 
It was desired that the rations wit hout supplemental protein be border­
line or slightly deficient in prot ein while t hose supplemented wit h  soyb ean 
meal or urea contain more t han commonly recommended requirements.  Average 
protein content of t he rations wit hout supplemental protein ( corn) was about 
10 . 5% .  This is less t han recommended requirements for growing-finishing steers 
up t o  about 750 lb. for gains of 2 . 5 lb . daily .  Protein levels were increased 
approximately 2 . 8  and 2 . 2  percentage units by soybean meal or urea supplementa­
tion . 
Feed Consumption 
Feed consumption increased wit h  increasing weights and time on experiment 
for all treatment group s .  Wit hout monensin , there app eared to be no effect of 
level of p rotein or the supplemental source on feed consumption . 
Monensin depressed feed consumption wi th all supplements . During t he 
first 2 1  days of t he experiment when t he level was 10 g/ton of air dry feed , 
t he decrease in comparison t o  t he no monensin controls amounted to 9 . 8 ,  8 . 6  
and 1 1 . 2% ,  resp ectively , for t he corn , soybean meal and urea supplements. 
There was e ssentially n o  change from t hi s  initial depression wit h  t he soybean 
meal supplement ( 9 . 0%) at the end of the experiment ( 30 g / t on after 2 1  days) . 
The depressi on in feed intake was slightly greater for t he t otal experiment 
wit h  t he corn supplement ( 14 . 7% )  and the urea supplement ( 14 . 3%) . 
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Weigh t  Gain 
Weight gains were except ionally good for the rat ions fed .  This likely 
can b e  attrib uted in part t o  the supplemental grain added to result in rations 
with about 50% o f  the dry mat ter as grain . The 1 1 6-day experiment was between 
weights of approximately 500 t o  800 pounds . Rates of gain no doub t would have 
been at lower rates if the cat t le had b een continued on the rat ions for a 
longer period and to  heavier weights . 
Without monensi n ,  comparisons b etween corn and s oybean meal supplements 
indicate a benefi cial effect from protein s upplementation throughout the 
experiment . However , feeding urea resulted in an ini t ial depress i on in weigh t  
gain in comparis on to no supplemental protein . The cat tle fed urea had more 
than compensated for this initial depress i on at the 49-day weigh t . Average 
daily gain exceeded the corn group at mos t periods after 2 1  days , and they had 
slightly higher gains upon termination of the experiment . The dif ference in 
average daily gain upon terminat ion of the experiment between s teers supple­
mented with soyb ean meal or ure a  res ulted largely from the apparent ini tial 
depression from urea . The results indicate a need for supplementing the corn 
ration ( 10 . 5% prot ein , dry b as i s )  with additional protein . There appeared t o  
be little difference between s oybean meal and urea after the init ial 3 weeks 
of the experiment . 
Monensin appeared to  depress weight gains during the firs t  2 1  days o f  the 
experiment ( 10 g/ton feed) for s teers fed the corn or urea supplements but not 
with soybean meal . Over the entire experiment , weigh t  gains were essentially 
the s ame wi th and wi thout monensin when s teers were fed the s oyb ean meal 
s upplement . Gains were s lightly more wi th monensin for those fed the corn 
(5 . 0%) or urea (4 . 0%) supplements . 
Feed Eff ici ency 
Treatment differences in wei ght gain and feed consumpt ion during the 
ini tial 2 1  days of the experiment would have pronounced effects on feed require­
ments during this short period as shown in t ab le 2 .  Since feed efficiency is 
a cal culat ed value from feed consumpt ion and weight gain , it is di scussed only 
for the overall experiment on b asis  of sh runk weights . 
Without monensin , prot ein s upplementat ion improved feed efficiency . The 
improvement over the corn supp lement treatment amounted to 1 1 . 4% for soybean 
meal and 5 . 4% for urea .  As indicated for weigh t  gain , the difference b etween 
s oyb ean meal and urea would have resulted largely from a di fference in per­
formance during the firs t 2 1  days of the experiment . 
Feed effi ciency was improved wi th monensi n .  The improvement ove r no 
monensin amounted to 1 8 . 7 ,  9 . 9  and 1 7 . 0% ,  respectively , for s teers fed corn , 
soyb ean meal and urea supplement s .  However , the advantage in feed efficiency 
from prot ein s upplementat ion when rat ions contained monensin amounted to only 
1 . 8% for soyb ean meal and 4 . 6% for urea . 
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Sununary 
Steers were fed a corn silage rat ion wi th added corn grain to provide 
about 50% grain in the si lage dry mat ter ( 10 . 5% protein , dry b as i s )  from 
weigh ts of about 500 to 800 lb . ( 1 1 6 days ) .  The rations were also supplemented 
wi th protein from soyb ean meal o r  urea wi th all comparisons b eing made wi th 
and wi thout monensin . 
Without monens in , s upplemental protein had no apparent effect on feed 
consumption . Monensin at 10 g/ ton of air dry feed for 21 days and then 
30 g / ton reduced feed intake . The reduc tion amounted to 1 4 . 7 ,  9 . 0  and 1 4 . 3% ,  
respect ively , wi th corn , s oyb ean meal and urea supplements .  
Ave rage daily gains were higher when rat ions contained supplemental 
prot ein . The advantage for soybean meal and urea over the corn supplement in 
rat ions without monensin amounted to 12 . 0  and 6 . 7% ,  resp ective ly . The 
diff erence b e tween soyb ean meal and urea resulted largely from the depress i on 
from urea during the firs t 2 1  days of the experiment . Steers fed monensin 
had s lightly higher weight gains when fed the corn supplement ( 5 . 0 %) and the 
urea s upplement ( 4 . 0%) b ut essentially unchanged when fed soybean meal . 
Without monensin , prot ein s upp lementation improved feed efficiency . The 
imp rovement over the corn supplement was 1 1 . 4  and 5 . 4% , respectively , for 
soyb ean meal and urea . As fo r weight gain , the di fference between s oyb ean 
meal and urea resulted large ly from the initial depressed performance wi th 
ure a .  
Feed efficiency improved wi th monensin amounting t o  1 8 . 7 ,  9 . 9 and 1 7 . 0% ,  
respe ct ively , with corn , s oyb ean meal and urea supplements . Improvement in 
feed e ff iciency was less for protein s upplementation when rations contained 
monens in but greater wi th urea than with s oyb ean meal . 
Results o f  the experiment indicate that monensin improves pro tein utiliz a­
t ion when fed in rat ions s l ightly deficient in protein and that it results in 
imp rovement in uti lization of  nonp rotein ni trogen from urea . 
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Tab le 1 .  Supplement Formulation--Monens in With Corn , Urea or SBOM 
S upplements for Calves Fed Corn S ilage 
Ingredient , % 
Corn grain 
SBOM 
Urea 
Limes tone 
Cyphos 
Calcium sulfate 
Trace mineral salt 
Trace mineral premix 
Corn 
supplement 
9 5 . 6 9 
1 .  70 
1 .  6 6  
0 . 89 
0 . 0 6  
Vitamin A premix ( 30 , 000 IU/g ) 
Soyb ean meal 
supplement 
75 . 7 1 
2 0 . 4 1  
1 .  7 3  
1 . 2 6 
0 . 89 
added at the rate of  9 . 8 g / 1 0 0  lb . supplement 
Monens in primary premix ( 30 g / lb . ) 
Urea 
supplement 
9 2 . 8 2 
2 . 5 3  
1 .  30 
1 .  72 
0 . 6 8  
0 . 89 
0 . 06 
added only to treated supplement s at the rate of  24 , 8  g / 1 00 lb . supp lement 
for rat ions with 10 g/ton air-dry rat ion and at 74 . 4  g/ 1 0 0  lb . s upplement 
for rations with 30 g/ton air-dry ration , 
Tab le 2 .  Prot ein Levels and S ources with Monensin for Growing Cat t le 
(January 30 t o  May 25 , 1 9 76-- 1 1 6  days ) 
Corn suE:element SBOM supElement Urea su:e:element 
Cont rol Mon ens in Control Mon ens in Control Monensin 
No . animals 3 2  32 32 3 2  32 32 
!nit . shrunk wt . ,  lb . 4 9 6  4 9 5  4 9 6  4 9 7  4 9 4  4 9 4  
Final sh runk wt . , lb . 7 7 4  787 808 8 1 2  7 9 2  80 1 
Avg . daily gain , lb . 
2 1  days 3 . 2 7 2 . 2 2 3 . 50 3 . 6 9 2 . 75 2 . 34 
49 days 2 . 7 2 2 . 6 8 3 . 24 3 . 2 1 3 . 1 5  2 . 6 2 
7 7  days 2 . 4 7 2 . 5 0  2 . 88 2 . 9 6 2 . 4 7 2 . 6 0 
1 0 5  days 2 . 5 4  2 . 5 5 2 . 7 9 3 . 0 1 2 . 64 2 . 6 7 
1 1 6 days ( f il led) 2 . 5 3 2 . 68 2 .  84 2 . 9 5 2 . 75 2 . 7 8 
1 1 6  days ( sh runk) 2 . 40 2 . 5 2 2 . 69 2 .  72 2 . 5 6  2 . 6 5  
Avg . daily rat ion , lb . 
2 1  days 30 . 5 6 2 7 . 5 6 30 . 7 1 2 8 . 0 7 3 1 . 4 6 2 7 .  9 5  
4 9  days 32 . 7 9 2 8 . 5 6 32 . 69 2 9 . 20 32 . 5 8 2 8 . 00 
7 7  days 3 3 . 9 3 2 9 . 2 3 34 . 1 8 30 . 9 1  3 3 . 72 2 9 . 2 8 
1 0 5  days 37 . 27 3 1 . 7 6  37 . 38 33 . 7 5 37 . 2 4 3 1 . 5 8 
1 1 6 days 3 8 . 34 32 . 6 9 3 8 . 0 7 34 . 6 3 38 . 2 4 32 . 79 
Feed/ 100 lb . gain , lb . 
2 1  days 9 3 6  1 2 4 3  8 7 8  7 6 0  1 1 54 1 2 1 2  
4 9  days 1 20 8  1 0 6 6  1 0 1 0  9 0 9  1 0 3 6  1 0 6 9  
7 7  days 1 3 74 1 1 6 9  1 18 9  1045 1 3 6 7  1 1 2 6  
1 0 5  days 1 4 6 6  1 2 4 6  1 3 4 1  1 1 2 2  1 4 1 3  1 1 8 3  
1 1 6 days ( filled) 1 5 1 4  1 2 1 9  1 340 1 1 7 3  1 3 9 1  1 1 8 1  
1 1 6 days ( sh runk) 1 5 9 8 1 2 9 9  1 4 1 6  1 2 7 6  1 4 9 2  1 2 3 9  
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CO RN S I LAG E :  I N F LU E N C E  OF AMOUNT S ,  F E E D I NG SY STEMS AND 
D ROUGHT -DAMAG E ON F E E D LOT PERFORMAN CE 
R . D . G ood r i ch a n d  J .  C .  Me i s ke 
U n i ve rs i ty of M i nne s o ta , S t .  Pa u l  
Co rn s i l a ge i s  a h i gh l y  pa l a ta b l e  feed t h a t  f i t s we l l  i n to many types 
of rat i on s  and feed i n g p ro g rams . Ca t t l e  fed ra t i on s  wh i ch conta i n  co rn 
s i l a ge a re e a s y  to keep on feed and beca u s e  of the mode ra te l eve l of a va i l ­
a b l e  ene rgy i n  c o rn s i l age t hey pe rfo rm b e t te r t ha n  ca t t l e  fed o t he r 
forag e s . I t  i s  u nde r s tood t h a t  co rn s i l age d oe s  n o t  con ta i n  s uff i c i en t  
amo u n t s  o f  c rude p ro te i n ,  ca l c i um ,  p h o s p h o r u s  a n d  sod i um ch l o r i de to mee t  
t h e  requ i remen t s  o f  feed l ot ca t t l e . T h u s , corn s i l age ra t i o n s  a re rou t i ne l y  
s u p p l emented w i th these nu t r i en t s  and few p rodu ce r s  ques t i on t h e  n eed fo r 
s u p p l eme n ta t i on o r  the amount of n u t r i e n t s t h a t  sho u l d b e  p rov i ded when 
ra t i o n s  tha t con ta i n  co rn s i l ag e  a re fed .  O f much mo re con ce rn to ca t t l e  
feede r s  i s  the i nf l uence of amou n t  o f  co rn s i l ag e  on feed l o t p e rfo rmance 
and econom i c  ret u rn s .  E spec i a l l y  s i n ce g ra i n  p r i ce s  ha ve i n c rea sed and 
many a c re s  h a ve been ha rve s ted a s  s i l a ge d ue to the d rough t ,  ca t t l e  feed e r s  
have exp res sed a n  i n te re s t  i n  feed i ng h i g h e r  co rn s i l a ge ra t i on s . H oweve r ,  
ca t t l e  fed h i gh co rn s i l ag e  ra t i on s  ga i n  s l owe r and con seque n t l y  t hey mu s t  
b e  fed fo r l on g e r  p e r i od s  t h a n  ca t t l e  fed h i g h  g ra i n  ra t i on s . T h i s  res u l t s 
i n  i n c rea s ed nonfeed cos t s . T h i s  p a pe r w i l l  exam i ne t h e  i nf l uence of 
s i l a ge l eve l , s y s tems fo r feed i ng co rn s i l ag e  and d rought -damaged co r n  
s i l a ge on t h e  pe rfo rman ce and e conom i c  retu r n s  of feed l o t ca t t l e .  
I nf l uence O f  Co rn S i l age Leve l O n  Feed l o t Pe rfo rma nce 
Da ta f rom 1 7  un i ve rs i ty expe r i men t s  t ha t  i n vo l ved 878 s tee r ca l ve s  
we re ana l y zed u s i ng reg re s s i on techn i qu e s . T h e  d a t a  we re ob ta i ned f rom 
O h i o ,  S o u t h  D a kota , I l l i no i s ,  M i ch i ga n  a n d  P u rdue feede r s  day repo r t s .  
F eed l ot pe rfo rmance a t  e i gh t  co rn s i l ag e  l e ve l s  wa s p red i cted u s i ng t h e  
reg re s s i on equa t i on s  deve l oped f rom t h e  feed i ng t r i a l  d a ta . The d a t a  
wh i ch we re p red i cted f rom t he reg re s s i on equat i on s  and econom i c ca l cu l a t i on s  
ba sed o n  t h e s e  d a t a  a re p re sented i n  t a b l e  1 .  
1 .  D a i l y ga i n  dec l i ned f rom 2 . 52 l b  to 1 . 9 1  l b  a s  s i l a ge l eve l 
i nc reased f rom 1 0  t o  80% of t he rat i on d ry mat t e r .  The d ec l i ne 
i n  da i l y ga i n  f o r  each 1 0  pe r cen ta ge u n i t s i nc rease i n  co rn 
s i l age l eve l wa s g re a te r a t  h i gh s i l a g e  i n ta ke s  t h a n  at l ow 
c o rn s i l age i nt a ke s .  Fo r examp l e ,  d a i l y g a i n  d ec l i ne d  f rom 2 . 05 
to 1 . 9 1  l b  pe r d ay a s  t h e  amo u n t  of s i l ag e  wa s i n c re a s ed f rom 70 
to 80%1 b u t  da i l y g a i n  dec l i ned f rom 2 . 52 to 2 . 49 l b  a s  the 
s i l ag e  l eve l i n c rea sed f rom 1 0  to 20%. 
2. Max i mum d ry ma t te r  i n ta ke o ccu r red when the ra t i on con ta i ned 40 
to 50% co rn s i l a ge d ry ma t te r .  
3 .  Amoun ts o f  feed d ry ma t te r  p e r  1 00 l b  o f  ga i n  i n c reased 26 l b  
f o r  each 1 0  pe rce n t age u n i t s i n c re a s e  i n  corn s i l age d ry ma t te r .  
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4 .  I n  an  attemp t  to dete rm i ne the co rn p r i ce at wh i ch rat i on s  h i gh i n  
corn s i l age shou l d  be fed , the fo l l ow i ng ca l cu l a t i ons were made : 
a .  Cost/ton of co rn s i l age . 
Ave rage co rn s i l age conta1 ns about 50% corn g ra i n  d ry mat te r .  
Thus , t h e re a re 6 . 7  b u  of N o .  2 corn pe r ton of s i l age a t  6 8% 
mo is tu re .  Add i t i on of $ 3  pe r ton t o  a l l ow for  added sto rage , 
hand l i ng and harves t  cos t s  resu l ts i n  the f o l l ow i ng equat i on :  
Cost/ ton at 68% mo i s tu re = 6 . 7 (X )  + $ 3 . 00 
where X equa l s  the cos t  per  bushe l of N o .  2 corn g ra i n . 
b .  Va l ue of co rn s i lage . 
Feed eff i c i en cy and  nonfeed cost  data f rom tab l e  1 we re used 
to deve l op the f o l l ow i ng equat i on :  
Va l ue/ton a t  68% mo i s tu re = 9 . 48 (X )  - cost  of 1 5 . 7  l b  
supp l ement DM - $ 1 . 35 
whe re X equa l s  the cos t  pe r b u s h e l  of No . 2 corn g ra i n .  
T h i s  equat i on wa s d eve l oped f rom amounts  of corn s i l age , 
corn g ra i n  and  supp l ement pe r 1 00 l b  of ga i n  a'hd nonfeed 
cos t s  pe r 1 00 l b  for  fa rme rs that feed one l ot pe r yea r 
when rat i on s  con ta i n i n g 1 0  o r  80% cor n  s i l age we re fed . 
I f  supp l ement i s  p r i ced at  $ 1 0/ 1 00 l b  of d ry mat te r ,  the 
equat i on becomes : 
Va l ue/ ton at 68% mo i st u re = 9 . 48 (X)  - $ 1 . 57 - $ 1 . 35 
= 9 . 48 (X )  - $ 2 . 92 
c .  The cos t of co rn s i l age was the� set equa l to the va l ue of 
co rn s i l age to determ i ne th� � r i ce at  wh i ch the cos t  of co rn 
s i l age equa l s  the va l ue of co rn s i l age : 
6 . 7 (X )  + $ 3 . 00 = 9 . 48 (X )  
x = $ 2 . 1 3  
$ 2 . 92 
Thus , when corn g ra i n  cos t s  l es s  than $ 2 . 1 3  pe r bushe l the va l ue 
of cor n  s i l age i s  l es s  than the cos t  of co rn s i l age and  fa r� 
that feed one l ot p e r  yea r shou l d  feed h i gh g ra i n  rat i on s .  L i ke ­
w i se , when corn g ra i n  cos t s  more than $ 2 . 1 3  pe r bu s he l , h i gh 
s i l age rat i on s  s h ou l d  be  fed , T h i s  I s  i l l u s t rated by va l ues p re ­
sen ted i n  tab l e  2 .  
These ca l cu l at i on s  are  based on ave rage nonfeed cos t s . Fa rme rs w i th 
l owe r than average nonfeed cos t s  s hou l �  change f rom h i gh g ra i n  to h i gh 
s i l age rat i ons a t  a cor n  p r i ce s omewhat l es s  than $ 2 . 1 3  pe r bushe l . A l so ,  
fa rme rs w i th h i gh nonfeed cos t s  shou l d  cont i nue t o  feed h i gh g ra i n  ra t i ons  
even though co rn cos t s  more  than $ 2 . 1 3  p e r  b u s he l . For  examp l e ,  i f  non­
feed cos ts  a re ha l f  t hose con s i de red he re i n  the po int of  change to h i gh 
s i l age ra t i on s  wou l d  �e a to rn g ra i n  p r i �e -of $ 1 . 89 pe r bu s he l . I f  non ­
feed costs a re tw i ce those cons i dered he re i n , because of new fac i l i t i es or  
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h i gh e r  than n o rma l l ab o r  o r  i n te res t cos t s , t he p o i n t  of cha nge to h i gh 
s i l age rat i on s  wou l d  b e  a co r n  g ra i n  p r i ce of $ 2 . 6 2  pe r b u s he l . 
Ano t he r f a c t o r  t h a t  may i n f l u e n ce the co rn g ra i n  p r i ce a t  wh i ch the 
ra t i on s h ou l d  be changed f rom one composed l a rge l y  of co rn g ra i n  t o  o ne 
composed of l a rge amou n t s  o f  c o r n  s i l ag e  i s  t h e  pos s i b i l i ty t h a t ca t t l e  fed 
h i gh co rn s i l age rat i on s  may need to be fed to heav i e r  we i gh t s  t o  g rade 
Cho i ce than cat t l e  fed h i gh g ra i n  ra t i on s .  G ood r i ch a nd Me i s ke ( 1 974) 
no ted t h a t  H o l s te i n  s te e r s  fed h i gh g ra i n  ra t i on s  we re f a t te r than s tee r s  
fed h i gh s i l a ge rat i o n s  when t he ca t t l e  were compa red o n  a n  equa l ca rca s s  
we i gh t  ba s i s . I n  con t ra s t ,  o th e r s  (G u e n the r e t  a l . ,  1 96 5 ;  Be rg and B u t te r ­
f i e l d ,  1 968 ; W i n ch e s t e r  and H owe , 1 95 5 ; W i nchest;r and E l l i s ,  1 956 ) have 
repo rted data wh i ch s u g ge s t  t h a t  ca r ca s s  compos i t i on i s  not  g rea t l y  
i n f l uenced by the ene rgy con ten t of the ra t i on and t h a t  ca rca s s  we i gh t  h a s  
a g reate r i n f l uence on ca r ca s s  compos i t i on than d o e s  age . I f  ca t t l e  fed 
h i gh co r n  s i l age rat i on s  a re fed to hea v i e r  we i gh t s , whe t h e r  th i s  i s  
nece s sa ry o r  done beca u se i t  i s  u s u a l p ra c t i ce ,  the p r i ce of co r n  g ra i n  a t  
wh i ch h i g h  co rn s i l a ge ra t i o n s  shou l d  b e  fed wou l d  b e  co ns i de ra b l y  h i gh e r 
than $ 2 .  1 3  p e r  b u s he l . 
The ra tes of ga i n  and feed e f f i c i en c i es repo rted h e re i n  a re based on 
s h r u n k  f i na l  we i gh t s .  Adj u s tmen t s  f o r  d i f f e rences i n  d re s s i n g p e rcenta ges 
we re no t made beca u s e  seve ra l  s tu d i e s d i d  n o t  rep o r t  d re s s i n g pe rce n ta g e  
va l ue s .  I t  i s  l i ke l y t ha t  ca t t l e  fed t h e  h i g h e r  co rn s i l a ge ra t i ons had 
l owe r d res s i ng pe rcen tages than ca t t l e  fed t h e  h i ghe r g ra i n  r a t i on s .  T h u s , 
t he ra t e s  of ga i n  and feed e f f i c i en c i e s p robab l y  a re mo re favo rab l e  fo r 
ca t t l e  fed the h i gh s i l ag e  ra t i o n s  than t hey s hou l d  be . D re s s i n g pe rce n t ­
age a dj u s tmen t  of t h e  d a t a  wou l d  l i ke l y  re s u l t i n  a h i g h e r  co rn g ra i n  
p r i ce a t  wh i ch t h e  ra t i on shou l d  be cha nged f rom h i gh g ra i n  to h i gh s i l age . 
A f i na l  con s i de ra t i on i s  the i n f l uence o f  s i l ag e  l e ve l  o n  the d a t e  a t  
wh i ch t he ca t t l e  wou l d  b e  ma r ke ted . T h i s  i s  i l l u s t ra ted i n  t a b l e  3 .  The 
$ 2 .  1 3  pe r b u s h e l co rn p r i ce doe s not con s i de r  cha nges i n  ma r ke t  p r i ce wh i ch 
may occu r be tween t h e  t i me ca t t l e  fed h i g h  g ra i n  ra t i on s  a re ma rketed a nd t h e  
t i me tha t those f e d  h i gh s i l a ge ra t i on s  a re ma r keted . I f  t h e  ma r ke t  p r i ce 
we re to d ro p  $ 2 . 00 pe r 1 00 l b  o f  l i ve we i gh t  d u r i n g th e p e r i od tha t h i g h 
g ra i n  and h i gh s i l age ca t t l e  wo u l d  b e  ma rke ted , a ton of co rn s i l a ge wou l d  
need to be g i ven a n  add i t i o na l  nega t i ve va l ue of $ 3 . 74 .  T h i s  wou l d  res u l t  
i n  a co rn g ra i n p r i ce of $ 3 . 47 a t  wh i ch the ra t i on s hou l d  be changed to 
h i g h s i l age . L i kew i se ,  i f  the f i n i s hed ca t t l e  p r i ce we re to i n c re a s e  by 
$ 2 . 00 pe r 1 00 l b ,  co rn s i l age wou l d  h a ve a n  i n c reased va l ue .  I n  th i s  
i n s t a n ce , t h e  p o i n t of cha n ge f rom h i g h g ra i n  t o  h i gh s i l a ge ra t i on s  wou l d  
be $ 0 . 78 pe r b u s he l . T h u s , i t  i s  obv i ou s  tha t one o f  t h e  mos t  i mp o r t a n t  
fa c t o r s  t h a t  i n f l uence s the dec i s i on t o  feed h i gh g ra i n  o r  h i g h s i l a ge 
ra t i on s  i s  the e f fe c t  of ra t i on on ma r ke t  d a t e  and the cha n ge i n  ma rket 
p r i ce tha t may occu r d u r i ng the p e r i od when ca t t l e  fed h i gh g ra i n  or h i gh 
s i l age rat i on wou l d  be ma r keted . 
Fa rme r s  who keep t he i r  l o t s  f u l l  con t i n u o u s l y  s hou l d  con t i n ue to feed 
h i gh g ra i n  rat i on s  a t  h i gh e r  c o rn g ra i n  p r i ce s  t h a n  f a rme r s  who feed one 
l ot pe r yea r .  Th i s  i s  beca u se nonfeed cos t s  p e r  a n i ma l  a re i nc reased to 
a g reate r ext e n t  a s  s i l a ge l eve l i n c re a s e s  when ca t t l e  a re f ed co n t i n uou s l y .  
A l so ,  when g ro s s  ma rg i n s  a re l a rge and t h e  p rof i ta b i l i ty of ca t t l e  feed i ng 
i n c rea s e s , t h e  co r n  g ra i n  p r i ce a t  wh i ch the ra t i on shou l d  be changed f rom 
h i gh g ra i n  to h i gh s i l age i n c reases . T h i s  i s  beca u s e  tota l p ro f i t  ( p ro f i t  
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pe r head t i me s  the n umbe r of head fed p e r  yea r) w i l l  mo re l i ke l y  be max i ­
m i zed by feed i ng mo re catt l e  ( rap i d  t u r n-ove r rate)  t h a n  by feed i ng fewe r 
catt l e  a t  max i mum p rof i t  pe r head . Thus , a n  i nd i ca t i on of t he cor n  g ra i n  
p r i ce a t  wh i ch the rat i on s h ou l d  be cha n ged f rom one based l a rge l y  on 
g ra i n  to one ba sed l a rge l y  on s i l age can  be s t a ted  on l y  when one l ot of 
ca t t l e  i s  fed pe r yea r .  
Sy s tem s  F o r  Feed i ng Corn  S i l a ge 
Mos t cat t l e  feede r s  have feed l ot s  w i th  estab l i s hed a n i ma l  capac i t i es 
a n d  l i m i ted co r n  s i l a ge s t o rage fac i l i t i es . Thu s ,  when the  corn  s i l age 
fac i l i t i es a re f i l l ed and  a g i ven numb e r of cat t l e  a re p l a ced  i n  the fee d ­
l ot ,  t h e  amount  o f  co rn s i l age that  w i l l  b e  f e d  pe r a n i ma l  h a s  been set . 
The obv i ou s  ques t i on i s  then , wha t  i s  the  best  sys tem fo r feed i ng a g i ven 
amou nt  of corn s i l age to a g i ve n  n umbe r of catt l e? 
The c a t t l e  cou l d  be fed a con s ta n t  amoun t  of co rn s i l age f o r  t he 
en t i re feed i ng pe r i od ;  they cou l d  be fed a l a rge amou nt  d u r i ng t he g row i ng 
phase and a sma l l amoun t  du r i ng the f i n i s h i ng phase  ( two-pha s e  feed i ng) ; 
they cou l d  be fed a g radua l l y  d e c rea s i ng amoun t  of co rn s i l a ge o r  t hey 
cou l d  be fed a rat i on w i t h a con s ta n t  corn  s i l a ge : corn g ra i n  rat i o  ( t h i s  
res u l ts i n  a g ra d ua l l y  i nc reas i ng i n ta ke of co rn s i l age �i n ce the  catt l e  
cons ume mo re co rn s i l age a s  we l l  a s  mo re co rn g ra i n  a s  t hey get heav i e r) . 
Two t r i a l s we re cond ucted t o  compa re these  fou r sys tems for  feed i ng equa l 
tota l amoun t s  of co r n  s i l age : 
T reatmen t  no . 
1 
2 
3 
4 
S i l age feed i ng program 
Con s ta n t  amoun t  
Two-phase  
G ra d u a l l y dec rea s i ng 
G ra d ua l l y  i nc rea s i ng 
5 3  
D es c r ipt i on of program 
C o rn s i l age a t  1 5  l b/ head 
d a i l y du r i ng the ent i re 
2 38-day feed i ng pe r i od .  
Co r n  s i l age fed a t  25 l b/head 
da i l y for t he f i r s t  1 1 4 d ay s , 
a n d  a t  5 l b/head d a i l y  du r i ng 
the  l a s t  1 1 4 d ay s ,  w i t h a 
1 0-day per i od f o r  t he sw i tch­
ove r i n  t he m i dd l e  of the  
pe r i od .  
Co rn s i l a ge fed a t  25 l b/ head 
d a i l y for t he f i r s t  2 weeks 
and t hen dec reased 1 . 25 l b/ head 
d a i l y ea ch 2 weeks  du r i ng t he 
n ext  1 5 ,  2 -wee k  pe r i ods . The 
f i n a l l eve l of feed i ng was 
5 l b/head da i l y .  
Corn  s i l age fed a t  9 l b/head 
d a i l y  for  the f i r s t  2 weeks and 
i nc reased 0 . 75 l b/head d a i l y 
e ve ry 2 week s  d u r i ng t he next 
1 6 ,  2-wee k pe r i od s .  The f i na l  
l eve l of feed i ng was 2 1  l b/ head  
d a i l y .  
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One pen  of 7 head was fed  each t rea tme n t  i n  t r i a l  1 a nd two pens  of  7 
head we re fed each t reatmen t i n  t r i a l  2 .  I n  both t r i a l s  the  amou n t  of 
co rn s i l age wa s p rog rammed to ave rage 1 5  l b/head d a i l y f o r  a feed i ng p e r i od 
of 238 d ay s .  T h u s , i t  wa s d e s i g ned t h a t  each s t ee r  wou l d  con s ume 3 5 70 l b  
o f  co rn s i l age d u r i ng the  feed i ng pe r i od .  D u r i ng the ea r l y  p a rt of t r i a l  2 
ca t t l e  fed i n  t he two-pha s e  a n d  g ra d ua l l y  dec rea s i n g  p rog rams we re unab l e  
to con s ume the i r a s s i g ned amou n t  of co r n  s i l age . T hu s , co rn s i l age con ­
sump t i on s  fo r ca t t l e  i n  these p rog rams we re s l i gh t l y  l e s s  than  des i gned . 
D ry mat t e r  content s of the cor n  s i l age we re 40 . 6% ( t r i a l  1 )  a n d  46 . 9% 
( t r i a l  2 ) . Fee d l ot d a t a  we re adj us ted to a d re s s i ng pe rce ntage of 6 1 . 43% 
to remove d i ffe rences due  to f i l l . Ca rca s s  t ra i t s  we re not a dj u s ted t o  
equa l ca rca s s  we i gh t s  s i nce t h e  p rog ram w a s  t o  s e l l t h e  catt l e  a f t e r  238 
days of feed i ng rega rd l es s  of we i gh t .  
Feed l ot pe rfo rman ce a n d  ca rca s s  cha ra c te r i s t i cs a re p resented i n  
tab l es 4 a n d  5 .  Ca t t l e  fed co r n  s i l a ge i n  the con s ta n t  amount , two-pha s e  
and  g radua l l y  dec rea s i n g p rog rams g a i ned f a s te r  than  t hose  i n  t h e  g radua l l y  
i nc rea s i ng p rog ram . Ca t t l e  i n  t he two-phase  p rog ram we re mos t  e ff i c i en t  
(688 l b  o f  d ry ma t te r  pe r 1 00 l b  ga i n) i n  conve rt i ng feed to ga i n ,  fo l l owed 
c l os e l y  by those i n  t he g ra d ua l l y  dec rea s i ng p rog r am  ( 7 1 0  l b  d ry ma t te r/ 1 00 
l b  ga i n) .  Ca t t l e  i n  t he con s t a n t  amoun t  p rog ram req u i red 738  l b  of d ry 
ma t te r/ 1 00 l b  of ga i n  a n d  t ho se i n  the g radua l l y  i nc reas i ng p rog ram re ­
qu i red 773 l b  o f  d ry ma tte r/ 1 00 l b  o f  ga i n .  
Cat t l e  fed the g reatest  amoun t  of co r n  g ra i n ea r l y i n  the  feed i ng p ro ­
g ram ( g ra d ua l l y i nc rea s i n g) h a d  t h e  h i ghe s t  ma rb l i ng s co res a n d  ca rca s s  
g rades . The se d a ta a l so sugge s t  t h a t  rat i on s  i nf l ue nce ca rca s s  cha racte r i s ­
t i cs .  Ca t t l e  i n  the g ra d ua l l y i nc rea s i ng p rog ram had t he h i ghe s t  ma rb l i ng 
s co re s  a nd ca rca s s  g rades  d e s p i te the  fact  t ha t  they had  t he l i ghtes t 
ca rca s s  we i gh t s . 
T hese d a t a  s ugge s t  t h a t ca t t l e  fed co rn s i l age i n  a two-phase  p rog ram 
wi 1 1  be mo re eff i c i en t  a n d  ret u r n  mo re p rof i t  than ca t t l e  fed co rn s i l age 
i n  othe r s y s tems . New l a n d  et a l . ( 1 972)  a l so repo r ted that  ca t t l e  fed 
co rn s i l age to 750 l b ,  fo l l rn:ieCfby s he l l ed co rn to f i n i s h i ng ,  we re more 
eff i c i en t  (65 7 vs  764 l b  of feed/ 1 00 l b  of ga i n ) than  ca t t l e  fed co rn 
s i l age p l u s 1 %  con cen t ra tes fo r the  en t i re feed i ng p e r i od .  Fox a n d  B l a c k  
( 1 975)  have s u g ge s ted three rea son s why ca t t l e  fed i n  t he two -pha se p ro ­
gram a re mo re ef f i c i en t  t h a n  t hose  fed co r n  s i l age i n  othe r sys tems . 
F i rs t ,  the  ef f i c i en cy by wh i ch t h e  ene r gy i n  t he s i l age and  g ra i n  p o r t i on s  
of the  rat i on i s  i nf l uenced by t he compos i t i on of t he rat i on .  Vance e t  a l . 
( 1 972) s ta ted , 1 1The NEg con ten t  of co rn g ra i n  decreased wh i l e that  ofcom 
s i l age i n c rea s ed a s  the  i nc reme n t  of co rn g ra i n  i n  the  r a t i on d e c l i ned . 
T he g reatest  cha n ge was foun d , howeve r ,  when 6 1  to 83% co rn g ra i n  ( d ry 
ma tter  ba s i s ) wa s fed , i nd i ca t i ng t h a t  ave rage NEg va l ues  may be app rop r i a te when l e s s  than  60% co rn g ra i n  d ry mat te r i s  fed w i th co r n  s i l a ge a n d  
s upp l emen t .  T hese  d a t a  s u g ge s t  t h a t  t he NEm va l ue o f  a feed rema i n s con ­
s ta n t  w i th va ry i ng p ropo r t i on s  i n  t h e  ra t i on ;  howeve r the NEq va l ue w i l l  va ry depen d i ng upon the p ropo rt i on of the  feed i n  t he tota l fat i on 1 1 •  
Bye r s  e t  a l . ( 1 975)  repor ted tha t ene rgy va l ue s  a t  ma i n tena n ce a s  we l l  a s  
a t  a d  TfbTtum feed i n ta ke s  we re i nf l uenced by co r n  s i l age : co r n  g ra i n  ra t i o . 
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Anothe r rea son for  the i mp roved eff i c i en cy of cat t l �  fed i n  t he 
two-phase  p rog ram i s  the compe n s a t o ry p erformance that  resu l t s when ca tt l e  
a re chan ged f rom a h i gh forage t o  a h i gh g ra i n  d i et . Th i s  res u l ts i n  
mo re eff i c i en t  use  of d i eta ry ene rgy d u r i ng the h i gh g ra i n  phase  ( F ox 
et � • •  1 972 ) . 
The th i rd exp l anat i on f o r  the eff i c i en cy of cat t l e  fed i n  the two­
pha s e  p rog ram i s  t ha t  a ve rage we i gh ts du r i n g the  feed i ng pe r i od a re l owe r 
when the ca t t l e  a re fed fo r re l a t i ve l y  s l ow ra tes of ga i n  d u r i ng the ea r l y  
pa rt  of the  feed i ng per i od .  Thu s ,  they s pend fewe r days  on feed when 
t he i r body we i gh t s  a re heavy a n d  t he i r  ma i n tenance requ i remen t s  a re h i gh .  
The refore , a l owe r pe rce ntage of t he feed con s umed i s  requ i red t o  meet 
ma i n tenance req u i remen t s  a n d  mo re i s  a va i l ab l e  f o r  ga i n  and  feed eff i c i en ­
c i es a re i mp roved . 
l t  the refo re appea r s  that  cat t l e w i l l  u t i l i ze the i r co rn s i l a ge a nd 
c o rn g ra i n most  eff i c i en t l y  i f  they a re fed h i gh s i l age rat i on s  fo l l owed 
by a h i gh g ra i n  rat i on .  The  l en g t h  of the  h i gh corn s i l a ge feed i ng pe r i od 
can be va r i ed to a l l ow fo r changes  i n  t he amount of co rn s i l age that  i s  to 
be fed . 
D rough t - D amaged Corn  S i l a ge 
Because  of the d ry weat he r  wh i ch h a s  occu r red i n  many a reas  of the  
M i dwes t ,  many a c res of co rn have been  ha rves ted a s  co rn s i l age beca use of 
the l ow poten t i a l  y i e l d  of g ra i n .  Natu ra l l y , p rodu ce rs a re conce rned 
about the n u t r i t i ve va l ue of th i s  d roug h t-damaged corn  s i l a ge and they have 
a s ked many quest i on s  about p rope r s upp l ement a t i on of rat i on s  wh i ch conta i n  
d rought -dama ged co rn  s i l age . 
D roug h t -damaged co rn s i l age i s  l i ke l y  to be h i gher  i n  c rude p rote i n  
than no rma l corn  s i l a ge . T h u s , p rod uce rs  s hou l d  have t he i r co rn s i l a ge 
ana l y zed fo r p rote i n  con tent and s hou l d  feed on l y  the amount of p rote i n  
supp l ement  wh i ch i s  needed to meet a n i ma l  requ i remen t s .  Even though l es s  
t h a n  n o rma l amoun t s  of p ro te i n  supp l emen t  may be needed when d rought­
damaged co rn s i l age i s  fed , data  f rom the  U n i ve rs i ty of  Neb ra s ka ( t a b l e  7 )  
s ugge s t  that  bet t e r  pe rfo rman ce w i l l  res u l t  i f  the  p rote i n  s u pp l emen t 
cont a i n s p l ant  p rot e i n s ra ther  t h a n  u rea . The i r data  s h ows tha t supp l emen ­
t a t i on o f  no rma l corn  s i l age w i th u rea g reat l y  i mp roved rates  of ga i n  
( 1 . 03 vs . 1 . 64) a n d  amount  of feed / l b  of ga i n  ( 1 1 . 9 v s .  8 . 3 ) . Soybean  mea l 
res u l ted i n  s l i gh t l y  f a s ter  ga i ns ( 1 . 8 1 l b/day)  a n d  i mp roved feed eff i c i en ­
c i es ( 7 . 7 l b  DM/ l b  ga i n ) . When d rought -damaged cor n  s i l age wa s fed , 
s upp l eme nta t i on w i th  u rea res u l ted i n  l i t t l e  i mp rovement  i n  d a i l y g a i n  
{ l . 08 l b/day f o r  cat t l e  fed n o  s upp l emen t  vs . 1 .  1 8  l b/day fo r ca t t l e  fed 
u rea)  a n d  on l y  a s l i gh t  reduct i on i n  the  amoun t  of feed requ i red pe r pound  
of ga i n  ( 1 2 . 4  l b  for  ca t t l e  fed  no s upp l emen t  and  1 1 . 9 l b  for  those fed 
u rea) . Howeve r ,  s upp l ementa t i on w i th s oy bea n mea l  res u l ted i n  i mp roved 
ga i ns ( 1 . 47 l b/day)  and  eff i c i en c i es ( 9 . 8 l b/ l b  ga i n ) . 
K rause  e t �· ( 1 9 76 )  noted that  u t i l i za t i on of the p rote i n  i n  corn  
s i l age may  depend on the fo rm i n  wh i ch i t  ex i s t s  i n  the co r n  p l an t .  T he 
p rote i n  i n  the  s ta l k  and  l eaves may be mo re s o l ub l e tha n  t he p rote i n  i n  
corn  g ra i n . Thu s ,  be i ng more s o l ub l e ,  i t  wou l d  be mo re comp l ete l y  
deg raded to ammon i a  i n  t he rumen than  p ro te i n  f rom co rn  g ra i n .  Becau se of 
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t h e  l a rge pe rcentage of p rote i n  i n  d ro ugh t -damaged co rn wh i ch i s  i n  the 
s ta l k and  l ea ves a nd because  of t he l a rge amount  of ammon i a  p roduced i n  
the rumen f rom th i s  p rote i n ,  t he feed i ng of s upp l emen t s  wh i ch conta i n  
l a rge amou n t s  of  u rea may resu l t  i n  poorer pe rfo rmance than  the feed i ng of 
soybean mea l . 
D roug h t -damaged co r n  s i l age may con t a i n  g r ea t e r  than  n o rma l amount s  
of n i t ra te s .  Thu s , tox i c  s i l o  gases  a re often obse rved a t  s i l o  f i l l i ng 
t i me when d roug h t  s i l age i s  ha rves ted ( the tox i c  n i t rogen ox i de ga ses a re 
p roduced f rom n i t ra tes ) . S i nce n i t ra t e  l eve l s may b e  h i gh ,  p roduce r s  
s h ou l d  have a n i t ra t e  a n a l y s i s  cond ucted  on the i r d rought co rn s i l age . 
Shown i n  tab l es 6 a nd 7 a re t he re s u l ts of th ree compa r i sons of no rma l 
and  d rough t co r n  s i l ages . To l ma n  a n d  Wood s ( 1 97 1 )  summa r i zed the  data  i n  
tab l e  6 by s ta t i ng ,  1 1 Pe rfo rmance of  the ca t t l e  was compa rab l e  between 
s i l a ge sou rce s . I t  appea rs  tha t effect i ve use can be made of d rough t ­
damaged co rn s i l age . T h e  l a rge reduct i on i n  va l ue appea rs to b e  i n  reduced 
tonnage pe r a c re a n d  i nc reased ha rves t i ng cos t  pe r ton i n s tead of red uced 
feed i n g  va l ue pe r u n i t  of  d ry ma t te r .  The exten s i venes s of d rought  damage 
w i l l  p robab l y  mod i fy the re l a t i onsh i p  to 1 1 good 1 1 co r n  s i l age1 1 •  
The d a t a  i n  tab l e  7 s how a l ower feed i ng va l ue fo r d rough t cor n  s i l a ge 
than t he d a ta i n  tab l e  6 .  Compa r i son  of the  pe rfo rma n ce s  of ca t t l e  fed the 
two co rn s i l ages supp l emented w i th s oybean mea l s h ows that  those fed d rought 
co rn s i l age g a i ned 1 9% s l owe r a n d  requ i red 27% mo re d ry mat t e r  per  pound of 
ga i n  than those fed no rma l ( i r r i ga t ed ) cor n  s i l ag e .  Th i s  d rough t  co rn 
s i l age wa s ha rves ted afte r a bout 6 0  days w i thout ra i n  and  i t  cont a i ned 
about 1 0  b u  of g ra i n pe r a c re .  Th u s , i t  a ppea r s  that the  va l ue of d rough t 
cor n  s i l age may depend o n  t he l en gt h  a n d  seve r i ty of the d ry pe r i od .  H ow­
eve r ,  h a rves t i ng d roug h t -damaged a c res as s i l a ge res u l t s i n  pa r t i a l  s a l va ge 
of the c rop . D rought - s t ressed co rn s i l age w i l l  l i ke l y  have 75 to 95% of the  
va l ue of no rma l co r n  s i l age . E ven t hough i t  h a s  a l owe r ene rgy va l ue than  
no rma l s i l age , d roug h t - s t ressed co r n  s i l age can be used  effect i ve l y  i n  
ra t i on s  fo r g row i ng a n d  f i n i sh i ng ca tt l e .  
C o rn P l an t  Ma tu r i ty 
I n  the no r t h e rn pa r t  of the  co rn be l t  a k i l l i ng f rost  of ten occu r s  
befo re co rn p l a n t s  a re f u l l y  ma tu re .  Wh en s uch a f ros t occu rs , q ue s t i on s  
a r i se a s  t o  the nut r i t i ve va l ue of t he s i l age wh i ch res u l ts f rom the f ros t­
k i  1 l ed co rn p l an t s .  I f  f ros t - k i  1 l ed co r n  p l a n t s  a re h a rve sted f o r  s i l a ge 
befo re the l eaves a re l os t ,  t h e  s i l age shou l d  be s i m i l a r  to t h a t  f rom non ­
f ro s ted co rn h a rves ted a t  t he same stage  of ma tu r i ty (a facto r wh i ch may 
l owe r the va l ue of f ro s ted co rn p l a n t s  i s  the 1 i ke l i hood of h i gh  l eve l s of 
n i t ra te s ) . Thus , p resented i n  th i s  sect i on a re the res u l t s  of a s tudy 
wh i ch wa s conducted at O h i o  S ta te U n i ve rs i ty ( John son a n d  McC l u re ,  1 96 8) 
to d ete rm i ne the  va l ue o f  co rn s i l age wh i ch wa s p roduced by co rn p l a n t s  
a t  va r i ou s  s ta ge s  o f  ma t u r i ty .  
Max i mum y i e l ds o f  co rn s i l age d ry ma t te r  we re obta i ned f rom co rn a t  
t he dent  to g l aze s tages o f  ke rne l ma t u r i ty .  Max i mum d ry ma tte r d i ge s t i ­
b i l i t i es we re obse rved when the co r n  p l an t s  we re ha rve s ted  a t  m i l k-ea r l y  
dough to doug h -d en t  s ta ges o f  ma tu r i ty ( t a b l e  8) . H oweve r ,  the dec l i ne 
i n  d ry ma t te r  d i ges t i b i l i ty wa s not l a rge ( 7 1 . 9% fo r dough -den t ,  6 8 .  1 %  for  
g l a ze ,  6 8 . 8% f o r  f l i nt a n d  69 . 0% fo r pos t - f ros t ) . C rude p ro te i n  d i ge s t i ­
b i l i ty wa s max i mum a t  the m i l k-ea r l y  dough stage of ma tu r i ty ( 7 7 . 5%) a n d  
5 6  
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dec l i ned a s  ma tu r i ty advanced . V o l unta ry i nt a ke of d ry ma t t e r  i nc rea sed 
f rom the b l i s te r  to  g l aze s tages  of ma tu r i ty ,  then dec l i ned a t  t he f l i n t 
and  pos t -f ro s t  stages  of mat u r i ty .  The l ow d ry ma t te r con te n t s  of the 
i mma tu re s i l age s no doubt con t r i buted to t he l ow i nt a ke s  of these  s i l ages . 
Max i mum d ry ma t t e r  i n t a ke o ccu r red a t  t he g l aze s tage when the s i l ages 
cont a i ned 3 3 . 5  to 3 3 . 9"/o d ry ma t te r .  T h i s  i s  p robab l y  nea r t he opt i mum 
d ry ma tte r  con ten t  of co rn s i l age . S i n ce max i mum d ry matte r y i e l ds we re 
obta i ned at den t to g l aze s ta ge s  of ma tu r i ty a nd s i n ce max i mum d ry ma tter  
d i ge st i b i l i ty a nd i n ta ke we re a t  or  nea r these  s tages  of mat u r i ty ,  i t  
appea r s  t h a t  co r n  s i l a ge s hou l d norma l l y  be h a rve s ted a t  t hese  s ta ge s  of 
ma tu r i ty .  The co r n  p l a n t s  con ta i ned 2 7 . 5  to 3 3 . 9% d ry ma t te r  at these 
s tages  ( ta b l e  8) . 
I n  s umma ry , when a k i l l i ng f ro s t  s tops the g rowt h  of co rn p l a n t s  a t  
a n  i mma tu re s ta ge of ke rne l deve l opmen t d ry mat t e r  y i e l d s a re reduced  a n d  
d ry ma tte r i n ta ke s  of t he h i gh mo i s tu re ( l ow d ry mat t e r  con tent ) co rn 
s i l ages w i l l  be l owe r than  n o rma l . H oweve r ,  d ry ma t te r  a n d  c rude p rote i n  
d i ge s t i b i l i t i es may be h i ghe r t ha n  the d i ge s t i b i l i t i es fo r more mat u re 
co rn s i l age . Thus , f ro s ted co r n  s h ou l d  be a l l owed t o  f i e l d  d ry to 65 to 
70% mo i s tu re (30 to 3 5% d ry ma t t e r) bef o re i t  i s  ha rves ted fo r s i l a ge . 
T h i s  s h ou l d  i mp rove d ry matte r i nt a ke s  and  the  g reates t ef fect of the  
f ro s t  wou l d  be to reduce d ry ma tte r y i e l d s .  
5 7  
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rat i on fo r the ent i re feed i ng pe r i od .  Oh i o  Ag r .  Res . and  Dev .  
Cente r Resea rch S umma ry 6 3 , p 23 . 
To l man , W .  and  W .  Wood s .  1 97 1 . Feed i ng d rought  co rn s i l age . Neb r .  Beef 
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W i nche s te r ,  C .  F .  and  N .  R .  E l l i s . 1 956 . De l ayed g rowt h  of beef ca t t l e .  
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Tab l e  1 .  Pe rfo rmance - of S tee r C a l ve s  Fed Va r i ou s  Leve l s  of Corn  S i l age : A Summa ry of 1 7  Un i ve rs i ty 
Ex e r  i men ts . 
Pe rcent  co rn s i l age d r� mat te r  i n  the ra t i on d r� ma t t e r  
80 I tem 1 0  20 
Avg .  da i l y ga i n , l b  2 . 52 2 . 49 
Avg . da i l y feed , l b  o f d ry ma tte r 
Corn  g ra i n  1 2 . 9  1 1 .  7 
Corn  s i l age 1 .  5 3 .  1 
S upp l ement  0 . 8  0 . 9  
TOTAL 1 5 . 3  1 5 . 7 
D a i l y  s i l age i n take a t  
3 2% DM , 1 b 4 .  7 9 . 7 
Feed/ 1 00 l b  ga i n ,  l b  of d ry ma t te r 
C o rn g ra i n  5 1 2  470 
Co rn s i l age 6 1  1 26 
Supp l emen t  33  36 
TOTAL 606 6 3 2  
F eed/600 l b  o f  ga i n ,  l b  o f  d ry mat t e r  
C o r n  g ra i n  3072  2820 
Corn s i l age 366 756 
Supp l emen t 1 98 2 1 6  
TOTAL 3636 3 792 
D ay s  fo r 600 l b  ga i n  238  24 1 
Nonfeed cos ts/head fo r 600 l b  of ga i n ,  $ 
One l ot/yea ra b Con t i n uous feed i ng 
48 . 0 1  
42 . 89 
48 . 30 
43 . 29 
30 40 
2 . 43 2 . 36 
1 0 . 3  8 . 8  
4 . 8 6 . 4 
0 . 9  0 . 9  
1 6 . 0 1 6 .  1 
1 5 . 0  20 . 0  
424 3 73 
1 97 2 74 
3 7  3 7  
658 6 84 
2544 2238 
1 1 82 1 644 
222  222 
3948 4 1 04 
247 254 
48 . 86 49 . 53 
44 . 1 0  45 . 04 
50 60 70 
2 . 28 2 .  1 7  2 . 05 1 .  9 1  
7 . 2  5 . 5  3 . 8  2 .  1 
8 . 1 9 . 6  1 0 . 9  1 2 . 1 
0 . 9  0 . 9  0 . 9  0 . 9  
1 6 . 2 1 6 . 0  1 5 . 6  1 5  0 1 
25 . 3  30 . 0  34 . l 3 7 . 8 
3 1 6 253 1 85 1 1 0 
355 442 533  63 1 
39  4 1  44 47 
7 1 0  736 76 2 788 
1 896 1 5 1 8  1 1 1 0 660 
2 1 30 265 2  3 1 98 3786 
234 246 264 282 
4260 44 1 6  4572 4728 
263 276 293 3 1 4 
50 . 38 5 1 . 6 2  53 . 24 55 . 23 
46 . 24 47 . 98 50 . 26 53 . 08 
a Ave rage nonfeed cos t s  fo r fa rme rs  that feed o ne l ot of catt l e  pe r yea r ca l cu l a ted  to be $ 25 . 40 p l us 
b $ 0 . 095 pe r day . Ave rage nonfeed cost s  for  fa rme rs  that  keep t he i r l ot s  f u l l a t  a l l t i me s  ca l cu l ated t o  be $ 1 1 . 00 p l us 
$ 0 .  1 34 pe r day .  
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Ta b l e  2 .  Cos t a nd Va l ue o f  C o rn S i  ] age . 
Cos t of co rn Cos t of corn 
g ra i n , $/b u . s i 1 age , $/ton 
1 .  00 9 . 70 
1 .  50  1 3 . 05 
2 . 00 1 6 . 40 
2 . 50 1 9 . 75 
3 . 00 2 3 .  1 0  
3 . 50 26 . 45 
4 . 00  29 . 80 
Tab l e  3 .  I nf l ue nce of S i l age Leve l on Ma r ke t i ng D a t e .  
C o rn s i l a ge l eve l , 
% of ra t i on d ry ma t t e r  
1 0  
20 
30  
40 
50  
60  
70  
Bo 
60 
V a l ue of co rn 
s i l age , $/ton 
6 . 56 
1 1 .  3 0  
1 6 . 04 
20 . 78 
25 . 52 
3 0 . 26 
3 5 . 00 
Ma r ke t i ng d a t ea 
J u l y  1 4  
J u l y  1 6  
J u l y  23 
J u l y  30 
Aug u s t  8 
Augu s t  24 
S ep temb e r 7 
S ep tembe r  28 
0\ 
I-' 
Tab l e  4.  Two Yea r S umma ry of Pe rformance Data of F i n i sh i ng Stee r s  Fed Rat i on s  Conta i n i ng Corn S i l age i n  
Fou r D i ffe rent Feed i ng P rof rams . f 
S i l a9e feed i n9 �ro9ram 
Constant  G radua l l y  G radua l l y 
amount Two -phase dec rea s i n g  i nc rea s i ng 
I tem T rea tment No . 1 2 3 4 
No . s teers 20 2 1  20 21 . 
Avg i n i t i a l  wt , l ba 469 465 47 1 469 
Avg f i na l  wt ,  l bb 1 047 1 045 1 042 1 0 1 3  
Avg da i l y ga i n ,  l bc 2 . 43 2 . 44 2 . 40 2 . 29 
Avg da i l y feed , l bd 
1 4 . 94 (6 . 6 8) g Corn s i l age 1 4 . 60 ( 6 . 53 )  1 4 . 64 (  6 . 55 )  1 5 . 00 (  6 . 72) 
She l l ed co rn 1 1 . 66 ( 1 0 . 35 )  1 0 • 54 ( 9 .  3 5 )  1 0 .  76 ( 9 .  54) 1 1 . 3 7 ( 1 0 . 07) 
Supp l ement  1 . 00 (  0 . 90) 1 .  00 ( o. 90) 1 . 00 {  0 . 90 )  1 . 00 (  0 . 90)  
TOTAL 27 . 60 ( 1 7 . 93 )  26 . 1 4 ( 1 6 .  78) 26 • 40 ( 1 6  • 99) 27 . 37 ( 1 7 . 69 )  
Feed/ 1 00 l b  ga i n , l be 
Corn s i l a ge 6 1 5  (275 )  598 ( 26 8) 6 1 0  ( 2 74) 655  ( 293)  
She l l ed co rn 480 (426) 432 (383 )  448 ( 398) 497 (440) 
Supp l ement  4 1  ( 3 7) 4 1  ( 3 7 )  42 ( 3 8) 44 ( 40) 
TOTAL 1 1 36 ( 73 8) 1 07 1  (688) 1 1 00 ( 7 1 0) 1 1 96 ( 773 )  
a s h  run k we i gh t .  
b ca l cu l a ted f rom hot ca rca ss  we i gh t s  a nd a d re s s i ng pe rcentage o f  6 1 . 43 .  
cS i gn i f i ca n t  d i ffe rences : cat t l e  i n  t reatments  1 ,  2 and 3 g a i ned fas te r  than t hose i n  t reatme n t  4 ( P< . 05 ) . 
d s i gn i f  i cant  d i ffe rences : catt l e  i n  t rea tment I con sumed more feed than those i n  t reatments  2 o r  3 ( P<. 0 1 ) ; 
catt l e  i n  t rea tment 4 consumed mo re feed than  those i n  t reatment  2 ( P<. 0 1 )  o r  t hose i n  t rea tmen t 3 ( P<. 05) . 
ec at t l e  i n  t reatment 4 requ i red mo re feed/ 1 00 l b  ga i n  t ha n  those i n  t reatmen t  2 ( P< . 0 1 )  o r  those i n  
t rea tment 3 ( P< . 05) ; cat t l e  i n  t rea tment 1 req u i red mo re feed/ J OO l b  ga i n  than those i n  t reatment  2 
( P< . 0 5 ) . 
f Dexhe i me r  et a l . ( 1 97 1 ) . 
gva l ues i n  pa renthes i s  a re d ry ma tte r .  
I 
I-' 
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Tab l e  5 .  Two Yea r S umma ry of Ca rca s s  D a ta of F i n i sh i ng S tee rs Fed Ra t i ons 
Con ta i n i ng Corn S i l age i n  Fou r D i ffe ren t Feed i ng P rograms . g 
I tem T rea tment  No . 
Ca rca ss  wt , l b  
Fat  dep t h , i n  
R i b  eye a rea , sq  
KH P ,  %a 
Ma rb l ing s co reb • c 
i n  
Confo rma t i on scored 
Ca rca s s  g raded , e  
Cu tab i l i tyf 
Con s ta n t  
amount 
1 
643 
o . 66 
1 1 .  3 
3 .  1 0  
5 . 56 
1 3  . 4  
1 2 . 3 
48 . 4  
S i l age feed i ng program 
Two-phase 
2 
642 
0 . 63 
1 1 .  3 
3 .  I O  
5 . 73 
1 3 . 8  
1 2 . 4  
48 . 6  
G radua l l y G radua l l y  
decreas i n g  
3 
640 
o .  7 1  
1 1 . 5 
3 . 09 
5 . 36 
1 3 . 7  
1 1 .  8 
48 . 4  
i nc rea s i n g 
4 
6 2 3  
0 . 63 
1 1 .  2 
3 . 04 
6 . 25 
1 3 . 3  
1 3 . 0  
48 . 7 
:K i dney , hea rt  and pe l v i c  fat  exp res sed a s  a pe rcent of ca r ca s s  we i gh t .  
Ma rb l i ng s co re :  5 ,  sma l l ;  6 ,  mod es t ;  7 ,  mode ra te . 
cs i gn i f i cant  d i ffe rences : ca t t l e  i n  t reatment  4 had a h i gh e r  ma rb l i ng s co re 
than cat t l e  i n  t reatme n t  3 ( P<. 0 1 )  o r  t reatmen t  1 ( P<. 05) . 
d confo rma t i on sco res and ca rca s s  g rades : 1 0 ,  ave rage good ; 1 1 ,  h i gh good ; 
1 2 ,  l ow cho i ce ;  1 3 ,  ave rage cho i ce .  
es i gn i f i cant  d i ffe rences : ca t t l e  i n  t rea tment  4 g raded h i ghe r than ca t t l e  
i n  t reatmen t 3 ( P<. 0 1 ) . 
fca l cu l ated by the equat i on :  pe r cen t of bone l ess  reta i l  cuts  f rom t r i mmed 
chuck , r i b ,  l o i n  and roun d = 5 1 . 34 - ( 0 . 0093 )  ( ca rca s s  wt , l b) - ( 0 . 462)  
(%KH P) - ( 5 .  78 )  ( f a t  dep t h , i n ) + (0 .  74) ( r i b  eye a rea , s q  i n) .  
gDexhe i me r  � �- ( 1 97 1 ) .  
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Tab l e  6 .  Compa r i son  of D ro ugh t -Damaged a n d  
D rou9h t s i 1 ase 
No 6 1 b 
I tem corn corn/head da i ly 
No .  of s tee rs 
1 96 8-69b 24 24 
1 96 9C 20 20 
TOTAL 44 44 
D a i l y ga i n ,  l b  
1 96 8-69b 1 . 5 2  1 .  70 
1 969C 2 . 24 3 . 0 1  
Ave rage 1 . 88 2 . 36 
Feed/ l b  ga i n , l b  of d ry mat te r 
1 968-69b 1 0 . 3  
J 969C 7 . 8 
Ave rage 9 . 0  
aTo l ma n  a n d  Wood s ( 1 97 1 ) . 
b ca l ves fed 9 1  d ay s .  
cL i gh t  yea r l i n gs  fed 6 3  days . 
l 0 .  1 
6 . 3  
8 . 2 
Tab l e  7 .  Compa r i son of D rou9h t -Dama9ed and  
D rou9h t s i 1 ase 
No  S oybean 
I tem prote i n  U rea mea l 
No . of s tee rs b 28 28 28 
I n i t i a 1 wt . , l b  420 424 425 
D a i l y ga i n ,  l b  1 .  08 1 .  1 8  1 . 47 
Feed i nta ke ,  
l b  of DM 1 3 .  2 1 4 . o  1 4 . 4  
Feed/ l b  ga i n , 
l b  of DM 1 2  . 4  1 l . 9  9 . 8  
a 
b
K ra use � _tl. ( 1 976 ) . 
Ca l ves fed 1 90 d ay s .  
6 3  
No rma l Corn  S i l ages .  a 
No  
co rn  
24 
20 
44 
1 . 46 
2 . 6 5  
2 . 06 
1 l . 2 
7 . 0  
9 .  1 
No rma l Corn  
No 
prote i n  
9 
4 1 2  
l .  03  
1 2 . 3  
1 l . 9  
No rma l s i 1 ase 
6 l b  
com/head d a i ly 
S i l a9es .  
24 
20 
44 
1 . 87 
2 . 80 
2 . 34 
1 0 . 0  
6 . 6  
8 . 3 
a 
Norma l s i l a9e 
S oybean 
U rea mea l 
9 9 
3 99 400 
1 . 64 1 .  8 1  
1 3 . 6  1 3 . 9  
8 . 3 7 . 7 
T ab l e  8 .  I nf l ue nce o f  S t age o f  Ma t u r i ti'. of Co rn S i l age on Com�o s i t i on 1  D i ge s t i b i l i t1'. and I n t a ke . a 
C rude 2rote i n 2 %
b D ry ma t te r  C rude p ra te i n  Vo I u n ta ry 
S ta ge of D r:t ma t te r1 % d iges t i b i l i t:t1 % d i ge s t i b i l i t:t2 % i n t a ke 1  g DM/w · 75 
ma t u r i t:t 1 964 1 965 1 964 1 96 5  1 964 1 96 5  1 964 1 96 5  1 964 1 96 5  
B l i s te r 20 . 9  2 1 . 3 1 2 . 0  1 1 . 4 6 5 . 3  7 1 . 0 74 . 7 76 . 7 42 . 9  5 1 . 0 
E a r l y  m i  1 k 1 9 . 9  2 2 .  1 1 2 . 1 1 1 . 9 66 . 7  6 7 . 9  75 . 9  75 . 6  42 . 6  49 . 4 
M i l k-ea r l y  dough 2 1 . 9  24 . 9  1 0 . 8  1 2 . 3  69 . 5  72 . 6  7 7 . 6  7 7 . 4 54 . l 5 2 . 7  
Dough -de n t  2 7 . 5  2 7 . 9 1 0 . 4 1 1 . 4 7 1 . 9 7 1 . 9 76 . 3 75 . 6  5 5 . 6  5 9 . 3 
G l a ze 3 3 . 5  3 3 . 9  9 . 4 I I .  O 6 7 . 8 6 8 . 4 6 9 .  I 6 8 . o  5 8 . 9  6 1 . 9 
F l i n t 45 . 4 3 8 . 4 9 . 0  1 1 .  0 7 1 . 0  66 . 6  66 . 9  6 7 . 2  54 . 1 5 8 . 8 
Pos t - f ro s t  49 . 5 c 46 . 7  8 . 7 1 0 . 5  69 . 8  6 8 . 2 64 . 8  66 . 3  54 . 0  5 2 . 4 
(J'\ I t-' � Ma t u re 7 1 . 7 1 0 . 9 6 8 . 6 5 9 . 4 5 2 . 7 lJ1 - - - - - - - - - - - - - - - - - - - - I 
aJ ohnson a n d  McC l u re ( 1 96 8 ) . 
bo ry mat te r b a s i s . 
cwate r added a t  en s i l i n g t i me .  
UTILIZATI ON OF CROP RESIDUES AND H IGHLY LIGNIFIED WASTE 
PRODUCTS IN WINTERING RATI ONS FOR BEEF COWS 
L .  D .  Kams tra 
Animal S c ience Department 
South Dako ta S tate Un iversity 
Brookings , S o uth Dakota 5 7 0 0 6  
Al though residues and was te f iber can be fed in many types o f  ruminant 
rat ions at low level s as a replacement f o r  the f o rage , greater usage can 
probably be found in ma intenance or winter ing rat ions . A crop res idue or waste 
mater ial is no better than its availab le nutr ient compos i t ion . How clo s ely 
this nut r ient compo sit ion will meet the requirement of animal s determines how 
the material can be used and what supplemental f eeds are r equired . The 
nutr ient requirement of 1 , 100 lb . dry pregnant mature cows in the middle third 
o f  pre gnancy could be used as a basis for requirement s  for a ma intenance o r  
wintering rat ion fo r breeding s to ck .  Th e requirements f o r  such animal s (N . R . C . , 
1 9 7 6 ) are as fol lows : 
Nutr ient Concentration in Diet Dry Mat ter 
Minimum Digest-
dry matter Total ib le 
consumpt ion pro t e in protein NEm ME TDN Ca p 
( lb) ( % ) ( % ) (Mea l / lb )  (Meal /lb) ( % ) ( % ) (%) 
1 5 . 9  5 . 9  2 . 8  0 . 4 9 0 . 8 6 52  0 . 1 8 0 . 1 8 
Daily Nutr ients Per Animal 
Minimum Digest-
dry matter To tal ible Vitamin 
consumpt ion pro t e in protein NEm ME TDN Ca p A 
( kg) ( kg) (kg) ( Meal) ( Meal) ( kg) ( g) ( g) (thousands 
IU) 
7 . 2  0 . 4 2 0 . 2 0 8 . 14 14 . 1  3 . 9  1 3  1 3  20  
My allot ted t ime for this presentation will not p ermit complete coverage 
of the utilization of  all residues and wastes . Only the ut ilization of res idues 
or  f ibrous was tes cons idered impor tant and available in quantity in S outh Dako ta 
are b r iefly reviewed from selected feeding exp er iments in var ious areas . 
S traws and Other Fibrous Ce real Grain Res idues 
S traw and chaff can be cons idered to be ano ther cash crop in add ition to 
the gra in if u sed as a feed . G .  W .  Mathison , Un ivers ity o f  Alberta , states tha t 
the weight o f  s traw produc ed on a given land area i s  greater than weight o f  
grain produc ed and ac counts for about 5 0 %  o f  the gros s  energy , 30% o f  the digest­
ble ener gy as well as 20% of the crude protein produced on an acre of l and . Th e 
nutr ient content o f  var ious straws is quite -un4. fo rm but does vary somewhat from 
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year to year and perhaps its compo s i t ion is a ffec t ed by the area in which the 
gra in is produced . Average compos itions o f  common s traws might be as follows : 
Nutr ient Content o f  S traw (Dry B as is ) , Percent 
S t raw Crude pro tein TDN C rude f ib er Ca p 
Wheat 4 . 4  40 . 6  3 7 . 0  0 . 1 9  0 . 08 
Barley 4 . 9  4 2 . 2  37 . 7  0 . 30 0 . 09  
Oats 4 . 4  44 . 8  3 6 . 3 0 . 2 4 0 . 1 0 
Mixed 5 . 1 0 . 2 1  0 . 1 0  
Consump t ion - 1 . 5  to 2 . 0 lb . per 100 lb . body wei ght 
I t  is apparent that s traws will b e  too low in pro t e in and pho s pho rus to 
meet the minimum requirement for winter ing mature animals . With the real ization 
of the defic ienc ies in s traw of protein , energy , vitamin A,  phospho rus and 
perhap s o ther minerals as well ,  how can s traw be used in wintering rat ions and 
what would be the expec ted animal res pons e? 
Wint ering on S t raw Alo ne 
I t  has been shown that cows can be wintered on s traw and cha f f  plus 
supplement al sal t if an imals are in suff icient condit ion to withs tand the weight 
lo sses . During one 3-year exper iment in which the wintering per iod var ied from 
132 to 160 days , animals exper ienced an averag e  l o s s  in these exp er iments o f  
1 2 6  lb . per animal . The weaning wei ghts o f  the calves were no t greatly d i f ferent 
from animals rec e iving supplemental feeds . It was sugge sted that wintering on 
s traw alone doe s  preclude that w inters should be mild and animals must be in 
good fall cond i t io n .  Thes e exp er iments were performed in Montana by Arnett  and 
McChord in the late 1 9 2 0 ' s .  Win tering animals on s traw alone was not too 
uncommon dur ing this per iod . 
An imal s  can b e  expec t ed to  lo se weight on s traw alone because the intake o f  
1 . 5  t o  2 . 0  lb . o f  s traw p er 1 0 0  lb . o f  body wei ght does no t mee t  the minimum 
energy or pro tein requirements . 
Wintering on S upplemented S traw Ra t ions 
Supplementat ion with pro t e in appears to be the mo s t  c r it ical to inc rease 
straw intake and to inc rease fiber diges t ib il ity . Reports of increased intake 
from 14 to 2 5 %  by pro t e in s upplementat ion o f  s traw have been made by vario us 
researche r s . I t  appears tha t p ro per level o f  pro tein supplementat ion is more 
impo r tant in s traw supplementation than the source of pro te in .  Nonpro t ein 
sources were less valuable than plant pro tein s ources in some ins tances . In 
general , i t  was shown that 10 lb . o f  hay o r  1 lb . o f  c o t tonse ed meal da ily would 
subs tant ially reduce weigh t  l o s ses exp erienced when s traw alone was fed . S low 
releas e  nonpro tein produc t s  appear to have merit as pro tein supplements with 
s traw .  
Ener gy addit ion t o  r a t ions high in s t raw i s  no t a s  c lear-cut a s  pro t e in 
supplementation and may decrea s e  f iber utilization somewha t ,  depend ing on the 
level o f  gra in added . The intake o f  s traw does no t vary great ly when add it ional 
ener gy is provided and energy add itions should be based on cond ition of the 
animals being wintered . 
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S ince some ques t i ons may be asked as to  the value o f  chaf f  as compared to 
straw , ment ion of a comparison made by Morris on and Canadian workers might b e  
i n  o rder . Al though actual feeding data a re lackin g , nutr ient analys i s  sugge s t s  
that cha f f  has a higher protein and phosphorus l evel but less energy unl e s s  the 
grain that may be incl uded is cons idered . The grain content can be from 1 to  3% , 
depending on harves t ing machines used . 
The Maryland Exp eriment S tation sugge s t s  f rom their exp erience with s t raw 
feed ing tha t  small grain s tr aw with a dequate supplemental prot ein could repl ace 
up to  two-th irds of the hay f ed to wintering pregnant beef cows . A comparison 
was also made between all hay (brome and wheat gra s s )  winter ing ration and a 
ration comp o sed o f  50% hay and 5 0% straw with no protein supplementat ion in 
e ither rat ion type . The young cows f ed hay and s traw lost  the mos t  weight . 
The s traw f eeding d id no t appear to  a f fect the calf b irth weight or  l ivabil ity . 
All animals were supplement ed 1 month befo r e  calving with hay and grain and 
s traw f eeding was d is c on t inued . U s in g  s traw to  r ep lace part o f  the hay in 
these exper iments reduced c o s t s  about $1 . 00 in 19 7 2 , $ 2 . 25 in 19 7 3  and $4 . 6 7 per 
cow month in 1 9 7 5  as feed co s t s  b e gan to  rise dur ing this per iod . Even though 
animals may lose mor e  weight due to  winter s traw feeding , the e f fect on b irth 
we ight and animal health was no t noted in any of these exp er iments . 
The North Dakot a  Exp er iment S ta t ion per formed straw feedin g  exp eriment s  
durin g  the l a t e  1 9 6 0 ' s  i n  which a winter ing rat ion o f  2 0  lb . o f  crest ed-brome 
hay per d ay was compared to a rat ion of 7 lb . o f  hay , 1 3  lb . o f  whea t  s traw and 
1 lb . of soyb ean o il meal da ily . Animals on rat ions contain ing s t raw l o s t  on 
the average during a 3-year experiment about 3 9  lb . more weight during wintering 
than animals fed hay . B ir th weight and growth rate o f  the c alves we·re no t 
af fected by the l evel o f  winter nutr it ion o f  their dams--r emembering that 
animal s  did receive add itional feed p rior to calv ing . No d i fferenc e s  were noted 
in the conc ept ion dates due t o  the two l evels o f  nutrit ion . The cost  o f  a 
wintering program at that t ime was about the same between f eeding pro grams . 
Comparat ive cos t s  depend on the value ass i gned to the s t raw and the cost  o f  hay . 
I t  was concluded a t  this s tation also that two-th irds of  the hay in a b eef cow 
wint ering ration can b e  r eplaced by s traw plus supplemental protein without 
adversely affec t ing the cow ' s  ab il ity to  wean a healthy calf , p rovided she i s  
i n  good cond it ion upon enter ing the wint er period . I t  may o r  may n o t  r educe the 
winter feed b ill , but it does extend a short hay s upply . 
Experience with s traw f eed ing in No rth Dakota sugge s t s  tha t animals should 
be watched more clo sely than usual . S tr aw f eeding can cause c ons t ipation and 
impaction of the abomasum ( true s tomach) which in turn causes p ermanent nerve 
damage with animal l o s s e s . It may not be read ily apparent that animals are 
l osing condi tion either , s ince if intake of  s traw is high ,  the animals may be 
d i s intended and mistaken a s  being in good condit io n .  
Conclus ions for S traw Feed ing ( Canadian and North Dako ta Experiment S tat ions) 
1 .  Cereal grain by-produc t s  represen t  a large s ource o f  potent ial 
nutrients for wintering f eed . 
2 .  I t  utilizes a feed raised on the fa.r.Ill _ _  o r  ranch that mi ght o therwise 
be was t e d .  
3 .  Cat tle can 
cond itions 
this t ime . 
b e  wintered on s t raw alone in an emer gency i f  winter 
are ideal and animal s are in good cond i t ion before 
Exc e s s ive weight l o s se s  can occur . 
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4 .  Cows will consume from 1 . 5  to 2 . 0 lb . o f  s t raw per 100 lb . o f  body 
weight and increas ing this intake with well-balanced diets is 
dif ficult . 
5 .  Protein s upplemen tation i s  mo s t  crit ical to maximum intake and 
d ige s t ibil ity o f  winter ing s traw d iet� with plant proteins being 
the mo s t  valuable . 
6 .  The e f fec tivenes s  o f  grain s upplementing straw d iets i s  o pen to 
ques t ion if used to increase intake and d iges t ib il ity o f  the s t raw 
po rtion o f  the diet . 
7 .  The overhead o f  winter feed ing can be minimized when there is a 
hay sho rtage . 
8 .  Feed ing straw will release some hay for cash sale . 
9 .  I t  appears tha t an a t t emp t should be made to  collect  all grain 
by-product s  from gra in harves t to imp rove the total value o f  
s traw . 
10 . Some care mus t  be taken in s traw-b ased rat ions s ince cons t ipation 
and abomasal impact ions can occur . Providing adequate s al t ,  
minerals , water and also perhaps protein supplements can a s s i s t  
in allevia t ing impact ions . 
Corn S talks , Cob s and Miscellaneous Co rn Res idues 
Of al l the corn residues po s s ib le ,  c orn s talks a re the mo s t  versatile as a 
winter ing feed s ince it can be left  in the f ield after the corn harves t to be  
grazed in the fall and winter , ens iled o r  harve sted as s talks in var ious ways . 
I t s  compo s i t ion will be determined by the amount and type o f  other corn plant 
par ts which accomp any the stalk itsel f .  Thus , one should cons ider compos ition 
o f  corn plant parts  to  make e s t imates of  nutr ient value o f  corn res idue 
mater ial . 
A s tudy made at Iowa S ta te Univers i ty cons idered the compos it ion o f  maj o r  
parts o f  the corn plant a s  follows : 
Comp o s i t ion and Dige s t ib ility o f  the Corn Plant 
In vitro 
Dry Crude diges t ib l e  
mat ter p ro t e in dry mat ter Ash 
Gra in 7 3  10 . 2  9 1  1 .  6 
Lea f 7 6  7 . 0  5 8  1 3 .  7 
Husk 5 5  2 . 8  68 3 . 4  
Cob 5 8  2 . 8 60 1 . 4  
S talk 31 3 . 7 5 1  4 . 7  
Husklage ( Fo s ter) 78 3 . 7 65 3 . 3  
S talkage (Hes ston) 66 4 . 2  5 6  10 . 6  
S talkage ( Flail) 55 3 . 8  5 1  
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A compara t ive s tudy o f  the value o f  corn r e s idu es by the Univers i t y  o f  
Neb raska p rovides a good rule o f  thumb f o r  th e nutr i t ive va lue o f  c o rn plan t  
r e s i due s . I n  e s s en c e , the s tudy states that t h e  d ig e s t ib i l ity o f  c o r n  res idue s 
a rrange d  in d e s c end ing o r der would b e  the grain f o l lowed by hus k ,  l eaf , s t alk 
and cob . The pro t e in content arranged in the s ame fash ion woul d be grain , 
hus k ,  s talk and cob . Weather e f fe c t  over t ime t end s to d ecrease the value o f  
corn res idues l e f t  in the field as the wint e r  p ro gr e ss e s . Th e value o f  c o rn 
s t a lk s  l e f t  in t h e  f i e l d  without harves t ing o r  graz ing has b een e s t ima t e d  by a 
Nebraska a gricul tural economi s t  in t e rms o f  i t s  f e r t i l i z e r  value in subs equent 
year s . The s tover f rom a 100-bushel corn c r op wa s e s t imat ed to contain 
a pproximat ely 5 6  lb . n i tro gen , 3 lb . pho s phorus , 2 7  lb . potas s ium and 1 7  lb . 
calc ium . Th is might b e  valued at ab out $ 1 . 2 0  p e r  acre plus the value o f  
o r ganic mat t er that s t alks w il l  gener at e . 
Win t e r ing U s e  � S t alks o r  Res idues Gra z ed in the Field 
Al l owing anima l s  to graz e  the c o rn fields fo l l owing the corn harvest is 
a common prac t ic e  and has b e en e s t imat e d  t o  b e  the cheapest me thod o f  
u t i l i z a t ion o f  c orn r e s idues for winter ing c a t t l e  o r  o th er ruminan t s . Th i s  
me thod d o e s  have i t s  l imi t a t ions , however ,  and mus t  b e  a factor t o  cons i de r  
when pl anning win t e r  f e e d ing . Only 3 0  t o  3 5 %  o f  s tover is actua l ly u t i l i z e d  
by graz ing anima l s . Nutr ient value decreases w i t h  t h e  l ength o f  t h e  graz ing 
period s in c e  anima l s  will s e l e c t  the mor e  d i g e s t ib l e  port ions f i r s t , l eaving 
ind i ges t ib l e  p o r t ions as the po t ent ial for sel e c t ion d imin ishe s .  Snow may 
cover the mo re d i ges t ib l e  and nut r i t ive port i ons o f  the c o rn res idues such a s  
the r e s i dual gra in and husks . Wind may also b low husks and l eaves out of the 
f ie l d . As s t a t ed p r eviously , weather may caus e a d e c r ease in d i ge s t ib i l i t y  o f  
c o rn r e s idues a s  the winter progress es . Th is will mean that the value o f  
gra z ing r e s i due i s  d ec reas ing while the d emand f o r  energy o f  the animal may be 
increas ing due to weather d e t er io r a t ion . H eavy snow and s evere weather may 
cause grazing o f  c o rn res idues in the f ield t o  c ea s e  al to gether without 
warning . 
I t  is d i f f icult to really e s t ima t e  how long a cow c an b e  ma intained 
when gra z in g  und e r  i deal cond i t ions , but it i s  e s t imat e d  that 1 ton of s tover 
i s  ava ilab l e  f o r  every 30 to 35 bushel s o f  corn harve s t e d  and , o f  cours e , no t 
al l the s t over will be gra z e d . I f  a cow e a t s  30 lb . per day , she will have 
consumed a t  l e a s t  an a c r e  o f  ava ilable s t over in 2 month s .  
Win t e ring Animals on Harve s t e d  C o rn Res idues 
Harve s t in g  corn r e s i dues , al though mor e  cos t ly than grazing , provid e s  mo r e  
to tal rough age from a given f ie l d  and d o e s  over come s ome o f  t h e  d i sadvantages 
of gra z in g .  H a rves t e d  res idues o ther than s il a ge can be moved f rom one l o c a t i on 
to another as needed , e s p e c ially s in c e  the re sidues can be mad e  in to s tacks 
wi th var ious types of c o l l e c t ing and s ta cking machines d evelo ped in r ec ent 
years . In general , the method o f  harves t ing will be an ind ividual d e c i s ion as 
to wh ich method is t he mo s t  conven i en t  and the l ea s t  c o s tly . 
Corn S t alks 
Corn s talks can now be eas ily chopp e d  and s tacked to b e  fed e ither in the 
field o r  in a feedl o t . S talks c an b e  further pro c e s s ed from s t acks or direc t ly 
into silage s imilar to tradit ional s ila ge mad e  f r om the entire plant . 
Add i t i onal water is usual ly required b ec aus e o f  maturity o f  the s t alk . S talk 
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roughage source . S ince my cons iderat ion i s  only wintering rat ions , it will no t 
be  d iscus sed . Woo d materials with lower level s  o f  lignin encrus t a t ion s uch a s  
aspen wo od have potent ial i n  winter ing rat ions if properly supp lemented . The 
mos t  serio us de f ic ienc ies would be pro tein, pho sphorus and vitamin A .  As pen 
tree material has appro ximately 1% crude protein . I ts accep tab il ity as a feed 
by wild ruminants i s  well known but d i f f icult to eval uate . Some exper imentat ion 
is now in pro gres s on wood was tes at S o uth Dako ta S ta t e  Univers ity using the 
material in growing and f inishing rat ions . P lease refer to the f ield day 
bulletin for the progress summary o f  this work . 
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Department of Animal Science 
South Dakota Stat e Univers ity 
Rumensin for Growing and Fini shing Cattle1 
L .  B .  Embry 
Introduct ion 
Much of the research with feedlot cattl e has been devot ed to studies of 
ways to improve feed ut ilizat ion . A large port ion of feed energy , and al so 
prot ein , available to the ruminant results from microbial fermentation in the 
rumen , or rumen-reticulum . Environmental condit ions maintained in the rumen 
are important in the rat e of fermentation and the result ing end -products . 
Numerous experiment s have shown that volatile fatty ac ids (VFA ) --maj or ones 
being ac et i c , propioni c  and butyric--produc ed by microbial fermentation in 
the rumen play maj or rol es in energy metabol ism of ruminant s .  
The nature of the diet may influenc e number and type of rumen 
microorganisms resulting in changes in their act ivityo  Nature of the diet 
then would be expect ed to result in changes in amount s and/or rat io s o f  the 
VFA , ammonia and other product s of fermentation and in synt hes is of various 
nutrient s .  Such changes have been shown to result from alt ered physical 
properties of the diet , quantit i e s  and rat io s of dietary nutrient s and a 
number of non-nutrit ive feed additives some of which are antibact eria l in 
natur e . 
Conc ent rations and relative proportions of these maj or individual acids 
are known to influenc e the value of the ration for fatt ening . As compared to 
acetic , propionic and butyric ac ids produc e less heat . D ietary cond it ions 
result ing in an increase in propionic acid are tho se generally assoc iated 
with higher rat es of gain and improvement in feed utilization . 
Considerable research ha s been devoted to study ways of increa s ing the 
relat ive proport ion of prop ionic ac id during fermentat ion in the rumen . It 
has been shown that the proportion of VFA as propionic acid may be increa sed 
by a number of factors including pell et ing of feed s , increas e  in the 
conc entrate port ion of the d iet , pro cessing metho ds which involve heat 
treatment and redu ction in part icl e size and a ddit ions of certain 
non-nutrit ive products . The ult imat e obj ective i s  to obt ain beneficial effect s  
o n  feed ut il ization which exc eed cost s involved . 
Recent research has shown that monensin in t he form of the sodium salt 
( Rumensin ) is a product which improves feed ut il ization by ruminants .  The 
product is cleared for feeding in rat ions for growing and finishing cattl e .  
There has been considerabl e int erest in res earch with the product and it 
appears to have been put to wide use in the cattle feeding industry . 
Result s of some of the res earch reported are reviewed here t o  show the 
mode of action and result s  obt ained under various cond itions of use . 
1Presented at Twent ieth Annual Beef Cattle Feeders Day , November 3 ,  1 97 6 .  
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Rumen Fermentat ion 
Product s or diet ary conditions which bring about important changes in 
total volat ile fatty acid (VFA ) product ion during rumen fermentat ion or 
changes in the proport ions of t he maj or ones--ac etic , propionic and butyric-­
are of particular interest in feeding o f  ruminants .  An increase in the rate 
and/or amount of fermentation means more of the nutrient s consumed are 
potentially availabl e to the animal . Changes in the proport ions of VFA 
result in changes in the form of energy available to the animal with prop ionic 
ac id be ing more favorable for growth and fatt ening . 
Monens in in the form of t he sodium salt ( Rumensin ) has been shown to 
result in marked increases in propionic ac id productio n .  L evels of acetic 
and butyric ac id decrease with total VFA levels essent ially unaffected . The 
response in propionic ac id product ion has been great er with high roughage 
rat ions than with high grain rat ions . 
High grain rat ions which are asso ciated with high rat e of product ion 
and low feed requirement s results in a higher proport ion o f  propionic acid 
in relat ion to other VFA than do high roughage rations . This is illustrated 
in table l showing typical value s  with high conc entrate and high roughage 
rat ions ( Raun , 1975 ) .  
Table 1 .  Typical Rumen VFA Perc entages 
as Affected by Typ e of Rat ion 
Molar � 
Rat ion � � k  Prop ionic Butyric 
High roughage 6 9  2 0  11 
High conc entrat e 5 8  3 5  7 
The effect s of Rumens in on fermentat ion in the rumen has been studied 
in the laboratory and with cattle under various condit ions as to rat ions 
and level of Rumensin . Data on rumen fermentation has been obtained in 
many o f  the feed ing experiment s . Results have been very consistent in 
showing an increase in the amount of propionic aci d ,  decreases in ac etic 
and butyric but with essent ially no c hange in total VFA production from 
feeding Rumensin . This is illustrated in table 2 showing result s of growing­
finishing trials summarized by Grueter � al . ( 1 9 76 ) . 
Data present ed in t able 2 represent results from s ix experiments 
conducted at various locat ions where the cattle were fed in a growing trial 
followed by a finishing t rial . The levels o f  VFA for the control cattl e 
represent rather typical values for high roughage and high concentrate rations 
as illustrat ed in table 1 .  
There was a marked increase in propionic acid production with increas ing 
level o f  Rumens in in t he growing period .  L evels of acet ic and butyric 
decreased with only small change s  in total ac ids (total ac ids not shown in 
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the table ) .  Amount of propionic acid was at the highest level with 40 g/ton 
of Rumensin.  The amount was 5 2 . 6 % more than for control cattle .  
Rumens in 
(g/ton feed ) 
0 
10 
20 
3 0  
40 
Tabl e 2 .  Effect of Rumensin on Ruminal VFA 
VFA , % of Total Ac id s  
Growing Period FinishinE; Perio d 
Acetic Prop ionic Butyric A cetic Prop ionic 
6 9 . l  2 0 . 9  1 0 . 0  5 5 . 2  3 5 . 4  
6 7 o 4  23 . 8  8 . 8  54 . 1  3 8 . 0  
6 3 . 8  27 . 5 8 . 7  54 . 3  37 . 5 
61 . 9 3 0 . 0  8 . 2  52 . l  40 . 0  
6 0 . 6  31 . 9  7 . 5  5 3 . 0  �40 . l  
Butyric 
9 . 3  
7 . 9 
8 . 2  
8 . 0  
6 . 9  
Control cattl e in the finishing trials ( table 2 )  had a h igher level o f  
propionic acid wit h  lower levels of acet ic and butyric than tho s e  i n  the 
growing trials . While chang'es were in the same direct ion with Rumens in as in 
the growing trials , t he changes were o f  smaller magnitude . However , at each 
level of Rumensin , there was a larger amount of propionic acid with finishing 
rations .  
Results of the s e  
reached about maximum 
or finishing rat ions . 
to Rumens in regarding 
s ix experiments indicate that propionic aci d production 
with Rumensin at 30 g/ton of feed with either growing 
Several other experiments have shown s imilar response s  
level o f  the product and type of rat ions . 
Feedlot Experiment s 
Research with Rumensin fed to growing and finishing cattle has been very 
active during the past 2 to 3 years . Results of numerous experiment s have 
been report ed . A review of all published reports is not intended h ere . 
In view o f  the apparent greater effects of Rumensin on propionic ac id 
production with growing-type rations in comparison to finishing-type rations , 
feedlot response might be exp ected to vary with type of ration and l evel of 
the product . There has been cons iderable variation in the report e d  res earch 
as to type of rations , size of cattle , length of feeding and levels of Rumensin . 
Feedlot performance for the six experiments summarized by Grueter et al . ( 1976 ) 
are present ed as being r epresentative of expected p erformance . Both growing 
periods and finishing periods are shown in this summary . 
Growing Rat ions 
Result s for the six experiment s with growing rations conduct ed at different 
lo cations are summarized in table 3 .  
Feed intake decreased with increasing 1e¥els o f  Rumen sin up to the highe st 
level ( 4 0  g/ton ) fed . This has been a consist ent finding in most experiment s 
report ed and appears to be observe d  almost immediately upon first ac cess by 
catt le to Rumensin . 
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Table 3 .  Growing Trials with Rumens in 
( 6  experiments ) 
Daily Daily Feed p er 
Rumens in feed gain lb . gain 
g/ton feed lb . "6 o f  lb . "6 o f  lb . % o f  
control control control 
0 21 . 3 5 2 . 2 5 9 . 44 
1 0  21 . 1 6  9 9 . 1  2 . 36 1 0 5  9 . 0 3 95 . 7  
2 0  19 . 9 6 9 3 . 5  2 . 30 1 0 2  8 . 7 2  9 2 . 4  
3 0  1 9 . 2 9 9 0 . 4  2 . 27 101 8 . 59 91 . 0  
40 18 . 34 8 5 o 9 2 . 11 94  8 . 94 94 . 7  
There was only a small effect o f  Rumensin on weight gain o f  the cattle 
in the six experiment s .  Weight gain was at least equal to the control group 
up to the 30 g/ton level . Tho s e  fed the 40 g/ton level gained at a slight ly 
lower rate . The 40  g/ton level has not always resulted in reduced weight 
gain . However , levels in exce s s  o f  this appear to be excessive as measured 
by feed intake and weight gain . 
Similar weight gains with less feed intake resulted in improved feed 
efficiency. Lowest feed requirement s were obtained at the 30 g/ton leve l .  
The improvement over controls at thi s  level amounted t o  9 . 0% which was 
similar to the reduction in feed intake ( 9 . 6% )  from controls .  
Results of the se growing experiment s  indicate that the mo st e ffect ive 
level of Rumensin is 30 g/ton of air dry feed when measured by feed intake , 
weight gain and feed efficiency . Data on rumen fermentation would also 
support this l evel . Whil e there has been s ome variat ion in response obtained , 
an improvement in feed effic iency of 10-12% appears typ ic al with growing 
rat ions with only a small effect on weight gain . Therefore , feed intake 
would be reduced to about the same degree as the improvement in feed 
efficiency. Results appear to be s imilar for heifers as for steers and 
with various types of rations tested.  
Finishing Rat ions 
Result s obtained with the c attle in the above growing experiments during 
a following finishing period are presented in table 4 .  
Effects o f  the various l evels o f  Rumensin o n  feed intake in these 
finishing experiment s were very s imilar to the effects in the growing 
experiments .  The response in weight gain was also s imilar except there 
appeared to be no reduction in comparison to controls at the 40 g/ton level . 
Under these condit ions , lowest feed r equirements were obtained at the 40 g/ton 
level of Rumens in . 
Differences between the 3 0  and 40 g/ton level of the product were small 
in terms of weight gain and feed efficiency. Therefor e ,  there would appear to 
be little if any advant age for t he 40 g/ton level over the 3 0  g/ton level 
which appeared to be the mo st efficient level in the growing experiment s .  
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Table 4 .  Finishing Trial s with Rumens in 
( 6 experiments ) 
Daily D aily Feed per 
Rumens in feed gain lb . gain 
g/ton feed lb . % of lb . % o f  l b .  % of 
control control control 
0 20 . 6 6 2 . 1 2  1 0 .  0 6  
1 0  2 0 . 31 9 8 . 3  2 . 2 0 1 04 9 . 4 7  9 4 . l  
2 0  1 9 . 1 8  92 . 8  2 . 1 2  1 0 0  9 . 35 92 . 9  
3 0  1 8 .  7 6  9 0 0 8 2 . 1 5  1 01 8 . 91 8 8 . 6  
40  1 8 . 0 2 87 . 2 2 . 1 2  1 0 0  8 . 7 5 87 . 0 
Results o f  the six experiments show similar benefit s from Rumensin with 
finishing rations as with growing rations . High grain finishing rat ions 
produce more ruminal propionic ac id and the concentration is less affected 
by Rumensin than are high roughage growing rat ions . However , depre ssion in 
feed intake from the product appeared to be of s imilar magnitude with either 
type of rat ion .  Becaus e  o f  the lower feed intake with h igh conc entrate rations 
(table 3 and 4 ) ,  a higher concentration of Rumensin p er ton of air dry feed 
might be indicat ed for heavy cattl e during late finishing p eriods . 
Pasture Exp eriments 
The effect s of Rumensin on rumen fermentation and feed effici ency of 
feedlot cattle has raised questions a s  to pos s ibl e effect s when offered to 
c attle on pasture with pastur e  forage as the main feed . Potter et al . ( 1 97 6 ) 
reported results of three pasture experiments and one exp erimentwhere c attl e 
were fed green-chop forage for periods of 1 05 to 1 6 8  day s .  Suppl ements with 
varying level s of Rumensin were fed at 2 lb . daily to the cattle ( wt . in 
various experiment s from about 4 5 0  to 7 00 lb . ) .  A summary of weight gains 
for the four experiments i s  shown in t able 5 .  
Table 5 .  Weight Gain o f  Growing Cattle Fed Rumens in 
on Pasture or with Green-Chop 
Rurnensin , mg/ day 
0 5 0  1 0 0  2 0 0  3 0 0  400 
Daily gain 1 . 1 9 1 . 21 1 . 3 2 1 . 3 9  1 . 3 2 1 . 2 8  
Percent of control 1 0 2  111 117 111 108 
The data in table 5 shows an improvement in weight gain from Rumens in .  
The 2 0 0  mg daily level appeared t o  b e  the optimum amount . 
7 7  
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Cattle fed green-chop in the one experiment did not show the depression 
in the feed intake from Rumensin encount ered in the feedlot trial s with high 
roughage rations , exc ept for a slight d epression at the 3 0 0  and 400 mg daily 
levels . Feed requirement s were improved most over controls at the 200  mg 
level ( 14 . 4% ) . 
Prop ionic acid production in the rumen increased with increa sing levels 
of Rumensin up to the highest l evel fed ( 4 0 0  mg daily ) . The response appeared 
to be similar to results obtained wit h feedlot cattle fed growing rations with 
s imilar daily amounts of Rumensin .  
Effect s of Rumen sin o n  pasture forage intake were not attempt ed in the 
experiments . The small amount of supplement c ould not contribute greatly to 
the total energy intake . It  was , therefore , concluded that Rumens in favorably 
altered rumen fermentation and thus resulted in more effic ient use o f  the 
pastur e  forage consum ed . This resulted in improvement in weight gain when fed 
Rumens in . The conclusion would be supported by results of the experiment with 
green-chop forage . 
Improvement in pasture gains by cattle fed Rumensin in low level s of gra in 
or protein supplement has also been reported by Anthony et al . ( 1 97 5 ) ,  Oliver 
( 1 976 ) and Brethour ( 1 97 6 ) with improvement s ranging frorrt'7--:7' to 3 8 . 2% over 
control cattle . The 17% improvement in weight gain for cattle fed 2 0 0  mg of 
Rumensin on pasture reported by Potter et al . (197 6 )  would appear to be an 
expected averag e response on basis o f  l imit ed research to date . 
Carcass C haract erist ics and Abces sed Livers 
Since Rumensin increases t he amount of propionic ac id in the rumen and 
thus changes the form of energy ava ilabl e to the animal , carcass compo sition 
could be affect e d .  Carcass data were obtained in many of the finishing 
experiment s reported . 
Brown et al . ( 197 4 )  compiled data on quality grade and calculated 
cutability froill"ll47 cattle fed various levels of Rumensin . The dat a  are 
shown in table 6 .  
Rumens in 
Table 6 .  Rumens in Effect s  on Carcass Grade and Cutability 
Number Quality C alculated 
(g/ton feed ) cattle grad ea cutability 
0 1 8 2  7 . 1 3  48 . 7 4  
5 177 7 . 31 48 . 74 
10 182 7 . 1 9 48 . 7 1 
2 0  18 2 7 . 1 6  48 . 92 
3 0  2 4 2  7 . 1 2  4 8 . 89 
40  182  6 . 8 7 4 9 . 30 
a5 = high Good , 7 = low Cho ic e ,  8 = avg . Cho ice . 
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The data in table 6 show l ittle if any effect of Rumensin from 5 t o  
40 g/ton of feed on carcass quality grade o r  perc ent cutability . Other studies 
have shown no apparent consistent effect of Rumensin on perc ent of carcass fat , 
percent of lean and dre s sing perc ent at levels up t o  40  g/ton of feed . 
A high inc idence of abcessed livers i s  frequently encount ered when cattle 
are fed high grain finishing rations . Some antibiot ics--chlortetracycl ine , 
oxytetracycline bac itrac in and tylosin--have been shown to reduc e the 
incidenc e when fed in rat ions proned to cause abcessed livers . Without one 
of the above antibiot ic s along with Rumensin ( combinat ion not c leared for 
use at pr esent ) ,  the incidenc e of abc essed livers has been report ed to be 
quit e high in several experiments . The inc idence appears to have been highly 
variable between experiments and between repli cates within experiments .  
Rumens in does not appear t o  have an effect ( caus e  o r  prevent ) on inc idence of 
abc essed livers at l evel s  commonly t est ed . 
Rumensin with Implant Treatments 
Numerous experiments over the past s everal years have shown that implant 
treatment s with diethyl st ilbestrol ( DES ) ,  z eranol ( RAL )  and Synovex have 
resulted in improvement s  in weight gains of feedlot steers of 1 0-15% with 
1 0-12% improvement in feed effic i ency . Que stions are rai sed as to the likely 
response from these implant treatments with Rumens in .  Obviously , there are 
limit s as to how many t imes weight gains and feed efficiency can be improved 
in an additive manner . Also , the higher the l evel of production the more 
difficult it becomes to obtain additional responses from various additives 
or implant s .  Unless product s differ in mechanism of action , combinations may 
be merely a matter of do sage l evel . 
Several experiments with finishing cattle have been reported where implant 
treatments were used with and without Rumen s in . When more than one level of 
Rumensin was fed , the 3 0  g/ton of feed has been used for the most part for 
comparisons in this report . Re sult s for some of the exp eriments are presented 
in table 7 .  
Tabl e 7 .  Feedlot Cattle Respons e to Implant s with Rumen sin 
( Perc ent Improvement from Implant ) 
Referenc e 
Perry et al . ,  1 9 7 5  
Hale e�al:", 1 9 7 5  
Davis-et-al . , 1 9 7 5  
Weichenthal � al . ,  1 9 7 6  
Nissen & Trenkle , 1976  
Sherrod et  al . , 1 97 6 
Implant 
36 mg DES 
Synovex- S  
3 0  m g  DES 
Synovex- S  
3 6  m g  RAL 
3 0  mg DES 
36 mg DES 
36 mg RAL 
Synovex- S  
7 9  
Without 
Rumens in 
ADG F/G 
14 . 4  
1 0 . 5 
6 . 0  
16 . 1  
14 . 3  
18 . 9  
6 . 6  
8 . 4 
5 . 9  
10 . 3  
10 . 0  
11 . 2  
With 
Rumensin 
ADG F/G 
1 7 . 6  
13 . 5  
14 . 4  
1 5  . 4  
12 . 4  
9 . 5  
11 . 1  
6 . 4  
9 0 8  
5 . 0  
6 . 3  
24 . 9  
1 2 . 7  
11 . 2  
7 . 2 
-3 . 6  
2 . 8  
0 
I . . 
- 8 -
Where direct comparisons were made as to response to implant treatment s 
with and without Rumensin , in general , the result s indicate that the respons e 
to implant s were s imilar with Rumens in as without the product . ·This would 
mean that the response to Rurnensin and implant treatments could be expected 
to be addit ive . Burroughs et al . ( 1 97 5 )  also concluded there was an addit ive 
response to Rumensin and implant treatment s .  The experiment by Sherrod et al . 
( 1976 ) would appear to be an except ion as to an addit ive effect , but theY:-did 
obtain sizable improvements from implants with Rumensin o 
Rumen s in with Antibiotics 
Rumens in has been referred to as an ant ibiotic but it appears to act 
quit e differently from those commonly used a s  feed addit ives . Some experiments 
have tested Rumensin in combination with an antibiotic , mostly tylosin ( the 
comb inat ion not cleared for use at present ) .  
Ali et al . ( 1 97 5 )  reported tylo s in at 10 g/ton o f  feed without Rumensin 
resulted in 7":"°5% and 6 . 9% improvement in weight gain and feed effic iency , 
respectively , when fed with alfalfa haylage . With Rumensin at 30  g/ton of 
feed , improvements over no tylo sin were 7 . 0  and 7 . 2� Response was somewhat 
les s when the roughage portion ( 2 0% ) of the ration was cottonseed hulls with 
protein supplement of soybean meal . In this instance , improvement s in weight 
gain and feed effic iency amount ed to only 2 . 8  and 2 . 7% without Rumensin and 
3 . 8 and 3 . 6%  with 30 g/ton o f  Rurnensin . 
Mat sushima and Haaland ( 197 5 )  r eported no effect o f  tylos in ( 1 0  g/ton 
feed ) on feedlot performance of cattle with or without Rumensin . However , 
incidenc e of condemned livers were reduced from an average of 5 9 . 0% without 
tylo s in to 5 . 8% with the ant ibiotic . Rumensin appeared to have no effect on 
liver condemnat ions . Sherrod and Burnett ( 1 9 7 6 ) al so report ed no benefic ial 
effect of tylo s in on feedlot p erformanc e with or without Rumensin . They 
obs erved a reduct ion in abces s ed l ivers from an average of 11 . 8% to 5 . 2% from 
tylos in at 90 mg per head daily . 
Farlin ( 1 97 6 ) also tested tylo s in with and without Rumensin . He observed 
small improvement s in weight gain and feed effic iency from tylosin at 1 0  g/ton 
of feed either with or without Rumens in . Incidence of liver condemnations were 
reduced by tylosin . 
These few experiment s wit h  tylos in alone or in combinat ion with Rumens in 
show small and variable effects of t he antibiotic on feedlot performance . 
However , where data on liver condemnations were obtained , the antibiot ic 
resulted in marked reductions in abcessed livers . 
L evels and Sources of Protein with Rumens in 
The effect s of Rumensin on propionic ac id levels in the rumen raises 
que stions concerning a po s s ible prot ein sparing effect o f  the product and on 
the effic iency o f  nonprotein nitrogen utilization . Some researchers have 
conducted experiments des igned to help answer the s e  que st ions . 
Davis and Erhart ( 1 9 7 6 ) fed 1 9 2  steers ( avg . 7 6 4  lb . init ially ) for 120 
days on rations compo sed of corn grain , corn silage and supplement ( 9 . 5 % prote in ) .  
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Urea was added to give rations with 11 . 5% protein , but with the urea withdrawn 
at o ,  42 , 84 and 120 days during the experiment . Urea result ed in no 
improvement in weight gain or feed effic iency when rat ions were fed without 
Rumensin .  When Rumensin was fed at 3 0  g/ton of feed , feeding urea re sult ed 
in slight improvement s ih weight gain but essent ially no effect on feed 
efficiency . Cattle fed Rumens in but no supplemental protein as urea gained 
at a slightly slower rate but with an 8% improvement in feed efficiency over 
those fed no Rumensin . At other lengths of urea feeding , cattle fed Rumensin 
gained from 3 . 5  to 5 . 5 % faster with 1 7 . 1  to 18 . 6% improvement in feed 
effic iency over those not fed Rumen sin . The great er improvement in 
p erformance from protein supplementat ion as urea with Rumens in would ind icate 
no reduction in prote in needed with Rumensin but that urea ut ili zation was 
apparently improved by Rumens in . Garrett ( 1 97 6 ) concluded that urea as 
compared to cottons eed meal did not alt er the influenc e of Rumens in .  
This i s  an area under investigat ion at the pr e sent time . More results 
o f  research are needed to determine effect s  o f  Rumensin on prot ein needs and 
its effect on ut ilization o f  nonprot ein nitrogen . Some res earch i s  now in 
progress . For the present , it would appear advisable to suppl emart: feedlot 
cattle fed Rumensin with protein in about the same manner as for those not 
fed the feed addit ive . 
Adaptation Periods for Rumens in 
When cattl e are first plac ed on feeds containing Rumensin , ther>e may be 
a substantial initial reduction in feed intake . This effect will be influenced 
by size of cattle and level of Rumens in .  It i s  o f  t emporary nature ,  but feed 
int ake will be about 1 0% less throughout the feeding period . 
The optimum l evel of Rumensin in a complete feed appears to be 3 0  g/ton 
of air dry feed . Sinc e feed intake is relat ed to bo dy weight , the amount of 
Rume ns in consumed from the compl ete feed increases as the cattle gain in 
weight and consume more feed .  Under this system of feeding , there is a 
gradual increase in intake of Rumensin with increasing intake of feed . However , 
it is suggested that the level of Rumensin in a compl et e  feed should be at 
10 or 20 g/ton during the first 2 or 3 weeks . 
When Rumensin is offered in a supplement , sugge st ed rat es of suppl ementation 
are based on feed consumpt ion as follows : 
Feed Consumpt ion 
Less than 14 lb . 
More than 14 lb . 
More than 2 0  lb . 
Daily Levels of Rumensin 
1 5 0  mg/head 
2 0 0  mg/head 
Up to 3 00 mg/head 
Over feed ing of Rumensin to light calve s  during p eriods of stres s could 
reduce feed int ake during a critical time and add addit ional stress . Since 
the supplement fed at constant levels will make up a larger p ercentage of the 
total rat ion during early stages in th e feedlot. but decreasing a s  fe eding 
progre sses , it would be advisabl e to follow the suggested levels in a daily 
supplement . · It is recommended that no cattle receive more than 3 6 0  mg of 
Rumensin daily . (A concentration of 3 0  g/ton of feed i s  equal to 1 5  mg/lb . of 
the feed . ) 
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Some researchers have compared variou s levels of Rumensin dur ing the 
period of adaptat ion .  Perry et Nal . ( 1 97 5 )  observed essentially no difference 
between Rumensin at 30 g/ton of feed init ially and 10 g/ton for 10 days then 
30 g/ton for the remaining days of a 1 3 3-day experiment with 6 0 0-lb . cattle . 
Rations were about 18 lb . of corn s ilag e , 6 lb . of corn grain and 2 lb . of 
supplement . In another experiment , Perry et al . ( 1976 ) r eported average feed 
intake by 4-week periods over a 23 2-day experiment . Rumensin at 3 0  g/ ton of 
feed initially or 10 g/ton init ially than 3 0  g/ton resulted in e s sentially 
the same average daily feed intake at each 4-week period throughout the 
experiment . However , feed intake was reduced in comparison to control s fed 
no Rumensin . 
Sherro d ( 197 6 ) fed cattle of ( about 5 5 0  lb . init ially ) a high c9ncentrate 
rat ion to final weights of about 110 0 lb . Rumensin was fed at 30 g/ton of 
feed throughout the experiment , 1 0  g/ton for 7 days then the 3 0  g level and 
10 g/ton for 21 days then 30 g/to n .  Rumens in had no effect on weight gain 
but improved feed efficienc y .  However , t here were e s sent ially no differences 
between methods o f  Rumens in supplementation on feed intake over the ent ire 
experiment . Feed intake by p erio dic p eriods was not reported . 
It is well e stablished that Rumens in reduce s  feed intake . Level s as 
low a s  10 g/ton of feed appear to cause this effec t , e specially during early 
periods of feed ing . However , it would seem reasonable to expect the effect 
would become more evident with increasing leve ls of Rumens in . The importanc e 
of a t emporary perio d of substantial reduction in feed intake will depend 
upon size of cattle , general health , weather condit ions and nutritional 
adequacy of the rat ions . Therefor e , suggested procedures during the perio d  
o f  adaptat ion should b e  followed . D eviat ions from suggested pro c edur e s  should 
be made only when giving due cons iderat ion to factors listed which may affect 
early performance of the cattl e .  
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